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Abstract 
 
Climate change has quickly become one of the most commonly discussed topics in northern 
Canada. Communities located in Canada’s north are facing impacts to every aspect of life. 
Hazard mapping is one of the tools used to predict risk from climate change impacts and thus 
assist communities in adaptation planning. The Northern Climate ExChange in Yukon has 
developed hazard maps for seven communities across Yukon. While hazard maps are a useful 
tool, in order for them to reach their maximum potential, users need to be well educated and 
trained to use them. Capacity and communication are arguably the most significant challenge 
faced by northern communities when it comes to climate change adaptation.  
    The goal of this research is to connect hazard mapping research to community needs, and 
opportunities for adaptation and mitigation to assist with both development and adaptation to 
future changes to the land and ecosystems. This research is focused on case-studies of Burwash 
Landing & Destruction Bay and Old Crow, Yukon. These two communities were chosen because 
they have an existing hazard map and contrasting community characteristics, meaning the 
research has validity with a wider range of communities. Interviews were conducted in both 
communities and analyzed for common themes and responses. The interview questions were 
designed with the intention to stir discussions around climate change issues in the communities, 
general discussions around hazard maps and recommendations for governments, organizations 
and communities. Through interview analysis, six recommendations emerged, related to how 
research was conducted, communication pathways, education and government, research 
organization, and institutional structures.  
 Recommendations for research are to incorporate GIS map layers into existing mapping 
programs, and refine the language used in reports and outputs to best reflect community needs. 
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The recommendation for communication pathways is to use stories to communicate successes 
and failures. The recommendation for education is to develop avenues to provide continued, 
consistent education in the communities. Lastly, recommendations for governance structures are 
to develop a climate change adaptation strategy framework, and for higher governing bodies to 
push forward in support of community-based research.  
 This research highlighted many common issues for conducting research in the north. 
Overwhelmingly, research outputs, communication barriers, and education were consistent 
themes. As climate change continues to alter northern communities, planning for these changes 
will become crucial for long-term survival and community resiliency.  
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1 Introduction 
 
As changes in climate continue, natural hazards such as floods, droughts and permafrost thaw 
are becoming a greater concern for communities in Canada’s north. Hazard mapping and 
preparedness are in turn becoming increasingly crucial in northern communities, as the effects of 
climate change become more apparent. Collins et al (2013) claim that the north is warming at a 
much faster rate than the south and that further warming is expected. The Arctic Council’s 
working group, AMAP, suggests that warming in the Arctic is occurring twice as fast as the rest 
of the globe (2017). Climate-induced changes are threatening the traditional lifestyles practiced 
in northern communities, as well as chances for economic development. The Intergovernmental 
Panel on Climate Change (IPCC) stated “warming of the climate system is unequivocal, and 
since the 1950s, many of the observed changes are unprecedented over decades to millennia” 
(IPCC, 2013 2).  
Although physical climate change is well studied in northern Canada, community-level 
impacts are less studied and understood. For example, “the impacts of climate change on 
physical systems, such as permafrost, are much better understood than the impacts of climate 
change on biological systems or socio-economic systems” (Gill et al 2001, 148). While Duerden 
(2001) and IPCC (2013) acknowledge that the north will be most affected by climate change and 
even though human population impacts have been studied over the years, there remain numerous 
questions about how individual communities may respond. Communities are predicted to 
respond based on local geography, economy and culture (Duerden 2003), meaning that no single 
body of research can determine how a specific community will respond to change.  
Uncertainty is a concept that encompasses current knowledge regarding climate change 
impacts on human activity and plays a significant role in understanding community level impacts 
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from climate change (Duerden 2004; Mazo 2010; Woodruff 2016). Much of the existing research 
has been done at a large scale, which has created a barrier for understanding community-level 
impacts due to the varying geographies, economies and cultures (Duerden 2004; Mazo 2010). 
Lastly, since impacts may benefit or harm communities in different ways and at different scales, 
it is challenging to even make generalized assumptions (Williamson et al 2005).  
Hazard maps are a tool developed to improve hazard preparedness and adaptation planning 
as well as to address local concerns (Northern Climate ExChange 2013). In order to identify and 
implement adaptation needs, a vulnerability assessment must be conducted (Ford and Smit 
2004). In addition to assessing the vulnerability of a community, its adaptive capacity must also 
be assessed. Adaptive capacity is a community’s “ability to address, plan for, or adapt to risk” 
(NCE 2013, 8). It has been recognized that hazard mapping and classification are useful tools 
when integrating scientific research into climate change adaptation planning (NCE 2013). 
Improving the use of hazard mapping in Yukon communities can provide residents with more 
information on potential risks and changes and in turn allow for early adaptation and preparation. 
This is crucial for Yukon communities as their distance from resources and limited capacity 
require more preparation time. The purpose of this research is to identify and assess policies, 
plans and processes currently in place in the Yukon for reducing impacts of hazards in Yukon 
communities, and the adjacent wildlife and ecosystems they depend on.  
 
1.1  Goals and Objectives 
 
The main goal of this research is to connect hazard mapping research to community needs 
and explore opportunities for adaptation and mitigation to assist with both development and 
adaptation to future changes to the land and ecosystems. As such, the objectives of this research 
are to: 
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1. Investigate current policies, plans and processes for developing and implementing 
information from hazard mapping; 
2. Explore the hazard map and climate change adaptation communication pathways between 
researchers, communities and First Nations; and 
3. Identify gaps and provide recommendations for further hazard preparedness development 
and improved communication in the Yukon. 
 
1.2 Relevant Literature 
 
Climate change in Canada’s north is not a new topic and has many different areas for 
research and concern. The relevant literature for this project could have gone in many different 
directions due to the broad impacts of climate change on all aspects of the environment.  
The literature section of this research focused on three broad areas: climate risk, climate 
change in the Yukon, and hazard mapping. These topics were chosen based on their relevance to 
understanding the use of hazard maps. Each of these sections plays a key role in how hazard 
maps are used in climate change adaptation planning.  
The broad topic of climate risk includes a range of topics. For this research, the umbrella 
topic of climate change includes information on risk, adaptation, mitigation, vulnerability, 
exposure and adaptive capacity. These more specific topic areas are all closely related and, in 
some cases, dependent on one another. Additionally, each of the topics have the ability to impact 
the overall risk of a community. The topics that fall under the climate risk umbrella are strong 
indicators of how climate change may impact individual communities.  
The second topic is climate change in the Yukon. This section is vital as it forms a climate 
change impact knowledge base for this research. It is difficult to comprehend the impacts of 
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natural hazards without understanding the complexity of climate change impacts. Additionally, 
this section highlights how northern communities are already experiencing rapid changes.  
The third topic focuses more specifically on hazard maps. In order to fully understand the 
whole situation, it is critical that the background information is included. The third topic begins 
with an examination of the history of hazard maps (when they first emerged and what their initial 
use was), how they have evolved, what steps are taken to develop them, how they can be used in 
a policy setting, as well as highlighting barriers and challenges for use.  
When combined, these three broad topic areas provide sufficient background knowledge for 
the reader to comprehend the discussions with participants. This background information 
supports and demonstrates the complexities, barriers, gaps and opportunities that this research 
provides.  
 
1.3 Methodology and Methods  
 
Broadly, this research used a qualitative, case-study approach. A combination of methods 
was utilized in order to meet the goals and objectives stated above. The first method used was a 
literature review. This review illustrated the situation that many northern communities are facing 
in terms of climate change and impacts. Additionally, the literature review explores the 
background and evolving nature of hazard mapping. Academic, government documents and 
news articles were the main sources of information for the literature review. The literature 
review provided background documentation rather than analyzed the information.   
For the research portion of this project, Burwash Landing & Destruction Bay (BLDB), and 
Old Crow, Yukon were chosen as case-study areas. The two case studies were mainly chosen 
because they both have existing hazard maps. The reasoning behind choosing two case studies is 
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to allow the findings to be transferred and used in a wider range of northern communities. While 
both are located in the Yukon, the two communities have different histories, demographics, 
characteristics, and access. These two communities contain characteristics that allow the findings 
to be transferred to other communities more easily, making them good options as case studies. 
The timing of this research is ideal as the first hazard map developed for Yukon communities 
was in 2011. This project is approaching the ten-year mark and it is a good opportunity to 
evaluate usefulness and to identify future research options. 
In general, the literature for this project relied on peer-reviewed journal articles and 
government documents. There were a few documents in particular that had major contributions 
to this research. The Northern Climate ExChange (NCE) has produced numerous documents 
regarding the physical impacts of climate change on Yukon communities. Additionally, the 
Northern Climate ExChange was the research organization responsible for publishing the hazard 
maps and subsequent reports on which this research was based. The NCE also produced a report 
that was the most crucial document used in the literature review to determine how climate 
change is expected to impact Yukon communities. Throughout the research, approximately 50 
peer-reviewed journal articles were used to supplement and provide more specific examples or 
scientific support. An estimated 40 government/research organization documents were also used 
throughout this project. For some of these communities, governments have played a key role in 
climate change adaptation planning. About five media articles were used in the later chapters to 
show how specific events have impacted northern communities.  
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1.4 Thesis Outline 
 
The thesis is separated into several chapters. Chapter one provides an overview of the 
research; introduction and rationale, objectives and goals, relevant literature, and methodology.  
Chapter two provides the full literature review which covers the broad background 
information required.  
Chapter three discusses the methodology and methods required in order to reach the goals 
and objectives stated previously. This chapter provides a more in-depth explanation for the use 
of the literature review, semi-structured interviews and case-study approach. 
Chapter four introduces the two case studies and required background information. Aside 
from location, population, history, demographics and accessibility, the main climate hazards are 
also discussed for each community in this chapter. The outcome of discussing climate hazards is 
to illustrate how different communities face different hazards and abilities to cope with impacts. 
This chapter uses the existing hazard maps and reports to explore issues. Finally, the chapter 
ends by providing any additional research and reports regarding hazard maps and impacts in the 
communities.  
Chapter five presents the results of the research and provide the in-depth discussion. This 
includes participant responses sorted into participant groups; BLDB, Old Crow and those who 
work for governments or research organizations. Common themes and comments will be 
highlighted in this chapter. The last section of this chapter includes the discussion, where 
differences are discussed in more detail, unexpected findings are highlighted, and the overall 
research is placed within the literature. 
Chapter six is the conclusion chapter meaning that this is where the research is summarized, 
goals and objectives are reconsidered, recommendations are presented and contributions to 
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literature are discussed. Recommendations resulted from a combination of participant responses 
as well as connections made through the literature review and responses from the results section. 
  
 8 
2 Literature Review 
 
This chapter begins by discussing the relationship between vulnerability, exposure and 
adaptive capacity as this relationship plays a key role in the ability of communities to adapt to 
change. Next, the chapter moves on to discuss the different indicators of climate change (e.g. 
temperature, precipitation, permafrost) and how change has already been documented in the 
Yukon. This work serves as a basis for understanding the significance of hazard mapping in 
northern communities. The third part of the literature review examines the development of 
hazard maps and their relationship to community and policy development, which transitions into 
adaptation and mitigation efforts. The chapter concludes by briefly discussing policy issues and 
communication barriers.  
The impacts of climate change in northern Canada are expected to be on the extreme end of 
the spectrum. This portion of the planet has also been identified as a vulnerable region meaning 
that the changes experienced there will be disproportionate compared to the rest of Canada 
(Government of Canada 2016). Those who live in northern Canada already face challenges in 
every aspect of life: long and cold winters, reliance on the land, limited access to preferred food, 
limited healthcare and support systems, and high cost of living. Most notably, changes in 
temperature and precipitation patterns have the potential to damage the landscape irreversibly 
and create significant challenges for those living there (NCE 2013). The changes in climate have 
played a role in the increase of weather-related events not only in the north, but worldwide 
(IPCC 2001; Newton et al 2005). Precautionary efforts can improve a community’s ability to 
handle both short-term weather events and long-term climatic changes and decrease the financial 
burden of climate change (Newton et al 2005). Precautionary measures are beneficial to 
communities because the risks associated with climate-related hazards have also led to an 
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increase in cost recovery due to economic decisions and community location in proximity to 
dangerous locations (Newton et al 2005).  
 
2.1 Climate Risk 
 
Climate related risks are a normal part of life and humans have been dealing with them for 
many years. But as climate change brings new hazards and alters the expected climatic norms, 
the threat to human development and life in some cases becomes a significant concern. Climate 
related risks can occur over short or long periods of time (UNFCCC 2019). For example, a 
change in precipitation levels occurs over many years, while events such as floods or storms 
occur in a much shorter time span (UNFCCC 2019). Even though they occur at different time 
scales, the alterations can be difficult to manage and plan for. The idea and level of risk plays a 
crucial role in vulnerability, climate change and adaptation in not only northern communities, but 
globally. Cuevas (2011, 46) described the two main definitions of risk used by academics; 
1. “The probability of occurrence of a hazard that acts to trigger a disaster or series of 
events with an undesirable outcome;  
2. Or the probability of a disaster or outcome, combining the probability of the hazard 
event with a consideration of the likely consequences of the hazard” 
 
Essentially, the level of risk is highly influenced by the existing level of vulnerability 
(Cuevas 2011). For example, a community that is already vulnerable due to economic conditions 
may face increased risk if climate change were to contribute to a major natural hazard such as 
permafrost thaw. Additionally, humans and communities can be impacted either directly or 
indirectly by risk (Cuevas 2011). For example, a change in overall climate may alter vegetation 
communities. A change in vegetation would directly impact the species who rely on that 
vegetation for food and which may indirectly impact humans who rely on those species for food.  
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An important concept within risk is variability. Each system has different strengths and 
weaknesses meaning that each system has individual and unique risk levels (Cuevas 2011). For 
example, some communities may be most concerned about health-related impacts from climate 
change due to isolation, while others may be concerned about infrastructure due to the 
permafrost extent. 
 
2.1.1 Adaptation and Mitigation 
 
Adaptation and mitigation are two terms commonly used to describe climate change 
response. “Adaptation is how we address the impacts of climate change. Mitigation is how we 
address the cause of climate change” (NCE 2015, 14). Adger (2010) stated that adaptation 
“involves deliberate action to adjust to a new climate regime” (276). See Figure 2.1 for 
comparisons. Climate change strategies can be integrated into energy planning, emergency 
preparedness, sustainability planning, resource management, infrastructure development, land-
use planning, engineering design, and transportation planning (NCE 2015). However, these 
strategies require more dedication to public education, research, and community-based research 
in order to fully understand climate change in Yukon (NCE 2015; Gill et al 2001). The Arctic 
Resilience Report suggests that “for responses to be effective, people and communities need 
access to relevant knowledge, and they have the be able to engage at the appropriate scale” 
(Arctic Council 2016, 15) and the Arctic Council (2016) identified that it is necessary to improve 
the flow of information into decision-making and policy development.  
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Figure 2.1 Adaptation versus Mitigation 
This image provides a definition for each mitigation and adaptation. Additionally, examples are 
provided to establish real world connections. 
Source: Newton et al 2005 
 
Historically, mitigation tends to be the topic discussed in the media and politics with 
discussions centered around greenhouse gas reduction rather than adaptation (Newton et al 
2005). Despite this, adaptation is slowly becoming more mainstreamed and recognized as an 
integral component of climate change in northern Canada (Newton et al 2005). This is partly due 
to the realization that mitigation efforts will have minimal impact on slowing, stopping or 
reversing climate change (Ford & Smit 2004; Newton et al 2005). This is especially important 
for communities in Canada’s north, which already experience impacts from climate change. 
  
2.1.2 Climate Change Adaptation Planning 
 
Adaptation planning and action occur in everyday life, whether people are aware of it or not. 
For example, if a runner were to go out for a run and noted a few rain clouds, they might bring a 
raincoat to protect themselves. This type of planning allows the runner to adapt to changing 
conditions. While climate change adaptation planning is crucial, unless the planning is conducted 
on a community level scale, it may not be as useful as it needs to be. The main goal of 
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community-level adaptation planning is “to incorporate the potential impacts of climate change 
into decision-making for community development” (NCE 2016, 7). Planning for adaptation 
within a community can decrease risk while increasing resilience and potentially allow 
communities to benefit from changes in the landscape and climate (NCE 2016). 
As each community has different hazards and impacts, the planning must also fit the 
specifications of the community. The Northern Climate ExChange (2016) uses the example of 
developing in a permafrost zone; the decision making is embedded within adaptation planning. 
“Ultimately, adaptation planning anticipates future scenarios, reduces risk, increases resilience, 
and may even seek to reap the benefits of certain aspects of climate change” (NCE 2016, 7). 
Communities must be aware of the local level hazards prior to developing an adaptation plan or 
implementing policy (NCE 2016; Woodruff 2016). 
In order for communities to achieve long-term resilience, climate change adaptation is 
crucial. Climate change adaptation involves the use of informed, forward looking decisions 
(Government of Canada 2016). In the long term, effective adaptation could save lives, minimize 
damages, and lower costs at all scales (Government of Canada 2016). However, this would 
require support and cooperation from numerous actors including governments, communities, 
private sector, academia, non-profit sector, professional organizations, and individuals 
(Government of Canada 2016). Despite the awareness of adaptation needs, capacity often hinders 
actions. Awareness and education are key avenues for achieving long term resilience, not only in 
the Yukon but globally. The Yukon Government is actively working to include adaptation into 
decision-making processes (Government of Canada 2016). One of the key actions commonly 
identified for effective risk management and adaptation is to improve relationships between 
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governments, municipalities, organizations and communities which in turn can improve 
communication and overall preparedness in northern communities (Newton et al 2005). 
 
2.1.3 Vulnerability 
 
When it comes to risks, there are numerous determinants used to assess vulnerability and 
risk. In the case of hazard risks, natural and social conditions are considered the most dominant. 
The common natural risks that exist in this project are related to the landscape, location, and 
climate of the communities. Examples would be permafrost, settlement along flood plains, and 
extreme temperatures. The most common social determinants that exist in this project are related 
to the community structure. Examples would be social networks in isolation, politics, and 
community priorities.  
While academics do not agree on a single definition of vulnerability (Palliyaguru et al 
2014), one of the most common definitions is the “measure of the degree to which a system may 
be harmed in response to a stimulus” (Cuevas 2011, 36). Vulnerability in terms of climate “refers 
to the susceptibility of an individual or social group to harm stemming from a given amount of 
exposure to a climate hazard” (Turner 2016, 30) and to determine the level of vulnerability, one 
must recognize and understand “who and what are vulnerable, to what stresses, in what ways, 
and what capacity exists to adapt to changing risks” (Ford & Smit 2004, 390).  
Identifying a community’s vulnerability level is a crucial starting point for both adaptation 
planning and mitigation action. This identification of vulnerabilities is also known as the 
vulnerability approach (Ford & Smit 2004) and if any vulnerability is detected it is viewed as 
negative (Adger 2006). Broadly, the Intergovernmental Panel on Climate Change (IPCC) states 
that “vulnerability is a function of the character, magnitude, and rate of climate change and 
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variation to which a system is exposed, its sensitivity, and its adaptive capacity” (as cited in 
Cuevas 2011, 36). Therefore, sorting through these characteristics can assist communities to 
improve reactions to climate events whether they are short term or long term.  
Northern Canada has been identified as a vulnerable region and has experienced an increase 
in vulnerability recently due to both changes in the landscape and society. However, historically 
when change occurred in the north, many communities were able to successfully adapt and thrive 
(Newton et al 2005). Relevant literature supports this statement through a combination of factors 
(knowledge and experience levels of the environment, population size, ease of mobility, and 
strong inter population networks) that played a key role in assisting northern communities to 
adapt historically (Ford & Smit 2004). Alternatively, some literature suggests that due to 
isolation, knowledge of the environment and a lesser dependence on outside resources, northern 
communities could have a decreased vulnerability (Ford & Smit 2004; Newton et al 2005; 
Schuster et al 2012; Schuster 2010). But as northern communities continue to evolve and 
develop, all the characteristics that resulted in a decreased vulnerability are shrinking and 
vulnerability is increasing (Ford & Smit 2004; Newton et al 2005). Traditional knowledge has 
also been noted as a critical factor for vulnerability: specifically, TK can decrease vulnerability 
(Ford & Smit 2004; Newton et al 2005). However, societal changes like the introduction of non-
traditional lifestyles, the need for employment, and communication barriers with youth have 
been noted as reasons for increasing vulnerability (Ford & Smit 2004; Newton et al 2005). This 
shift from traditional to western lifestyles is often thought to be one of the driving factors behind 
an increase in vulnerability (Newton et al 2005). Even without the increased frequency of 
climate related hazards, the overall vulnerability in the north is being battered by both physical 
and societal changes and seems to be increasing.  
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While communities in this region of Canada have proven to be successful in adapting to 
changes, rapid changes to the environment coupled with the unpredictability of weather increases 
exposure and presents new challenges for adaptation (Ford & Smit 2004). In addition to the 
landscape changing in northern Canada, a shrinking connection between people and the land can 
increase vulnerability to numerous climate hazards (Ford & Smit 2004).  
In terms of adapting to future changes, the most successful approach would be for academics 
to consult with the communities to identify the hazards and associated risks (Ford & Smit 2004; 
Adger 2006). Ultimately, this is an approach that would consider community characteristics to 
decrease exposure and increase adaptive capacity (Ford & Smit 2004; Adger 2006). 
Vulnerability is often considered a pre-existing condition and has acted as a fundamental 
building block for natural hazard and climate change research (Ford & Smit 2004). It was even 
claimed by Alexander (2005) that vulnerability is a stronger determinant for survival than the 
hazard faced due to the fact that vulnerabilities can exacerbate the impacts of a natural hazard 
(Palliyaguru et al 2014). Along with the various definitions of vulnerability, there are a variety of 
vulnerability types and perspectives. Ford and Smit (2004), Cuevas (2011) and Palliyaguru et al 
(2014) agree that the three main perspectives of vulnerability in the context of climate change are 
biophysical, socio-economic, and technological.  
The biophysical vulnerability perspective is often the first perspective to come to mind when 
discussing climate change. Biophysical vulnerability stems from the idea that vulnerability is 
solely determined by physical events that impact communities (Ford & Smit 2004; Cuevas 
2011). Location is arguably one of the strongest physical indicators of how vulnerable a person 
or community can be to natural hazards (Ford & Smit 2004; Clare & Weninger 2010). Cuevas 
(2011) and Clare & Weninger (2010) suggest that those who live in certain locations are 
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vulnerable to vulnerabilities such as earthquakes, sea level rise, forest fires, or flooding. Many of 
these locations are also expected to experience the highest levels of change due to climate 
change (Cuevas 2011).  
In addition to location, many governments have played a role in the determination of a 
community’s biophysical vulnerability level through policy development and decision making 
(Newton et al 2005). Government decisions can impact biophysical vulnerability such as 
building location, design standards and transportation routes. A lack knowledge of hazards in the 
area can create vulnerable regions within a community (Newton et al 2005). 
The socio-economic vulnerability perspective is crucial for northern communities due to 
high levels of isolation, high cost of living and small population numbers. There are numerous 
social factors that contribute to how vulnerable a community may be to climate change. 
Demographics can play a significant role in community vulnerability (Williamson et al 2005). 
This perspective is based on the idea that vulnerability stems from political and economic 
conditions in a community that influence exposure to hazards (Ford & Smit 2004; Newton et al 
2005). This perspective acknowledges that impacts from hazards such as permafrost thaw can be 
exacerbated by the social conditions in a community, which in turn can impede the community’s 
ability to plan and mitigate the risks (Ford & Smit 2004). An example of a social condition is 
politics: in a community where permafrost thaw is destroying roads and public buildings, if the 
politics place emphasis on other priorities within the community, the permafrost damage can be 
exacerbated. Another social condition would be capacity. Even if the community fully agrees 
that permafrost poses a significant threat, if the community does not have the capacity to manage 
or plan for permafrost thaw in the future, the impacts will continue. This perspective takes into 
consideration which group of the community is most vulnerable and why (Tapsell et al 2010). 
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The social vulnerabilities of a community become most apparent after the hazardous event has 
occurred, which makes it difficult to adapt to beforehand (Tapsell et al 2010).  
As previously mentioned, governments have the potential to impact the biophysical 
vulnerability of a community. In addition, governments can also impact the socio-economic 
vulnerability of a community through policy and decision making (Newton et al 2005). 
In addition to biophysical and socio-economic vulnerability, technological vulnerability is 
mentioned briefly in the literature. This may be due to the heavy focus on biophysical and social 
conditions. Cuevas (2011) explains that technological vulnerability stems from the concept of 
technological systems failing because of an outside influence such as climate events. An example 
of a technological vulnerability would be a power grid or emergency warning system 
(Palliyaguru et al 2014). Climate hazards such as storms or hydrological changes have the ability 
to impact these systems and create vulnerabilities within a community.  Adaptive capacity is 
closely related to this type of vulnerability through the level of accessibility to technology 
(Cuevas 2011). Improvements in technology infrastructure such as warning systems can increase 
adaptive capacity (Cuevas 2011). While technological vulnerability has been mentioned a few 
times in the literature, it is not discussed as often or understood as well as biophysical or social 
economic vulnerability.  
 
2.1.4 Exposure & Adaptive Capacity 
 
When it comes to vulnerability assessments, exposure is one of the major determinants for 
community vulnerability. Exposure is defined as “a property of a community relative to climatic 
conditions” (Ford & Smit 2004, 393). Adger (2006) highlights that exposure is not only 
determined by climatic conditions, but social/political conditions as well. The risk from a 
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particular hazard may be significantly higher in one community compared to another. Academics 
generally agree that exposure is increasing across a wide range of northern communities. 
Population growth and economic development are two common risk factors for this increase, but 
modifications to the physical environment also play a major role (Ford & Smit 2004; Newton et 
al 2005). 
Building on exposure, adaptive capacity has the ability to cause drastic changes in 
vulnerability rates. If a community has low adaptive capacity, naturally the vulnerability level 
will spike. Adaptive capacity “refers to a community’s potential or ability to address, plan for, or 
adapt to exposure” (Ford & Smit 2004, 393). In the context of climate change, the IPCC defines 
adaptive capacity as “the ability of a system to adjust to climate change (including climate 
variability and extremes) to moderate potential damages, to take advantage of opportunities, or to 
cope with the consequences” (IPCC 2007b).  
While the frequency of climate-related hazards is increasing, adaptive capacity has been 
identified as critical if communities wish to adapt in the short term and thrive in the long term 
(Newton et al 2005). In order for adaptive capacity to increase and continue adapting into the 
future, there must be improved research efforts in identifying the connections between a 
changing climate and natural hazards (Newton et al 2005). 
Many aspects of a community can increase or decrease adaptive capacity such as economic 
and social conditions, infrastructure development, prior hazardous events, technological 
availability, equity or any other stresses on the community (Ford & Smit 2004). There are a few 
specific options for increasing adaptive capacity such as “infrastructure design, relocation, 
development siting, early warning systems and protection” (Ford & Smit 2004, 394). Cuevas 
(2011) suggests that economic circumstances is among the strongest indicators for adaptive 
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capacity and as mentioned previously, technology is also closely linked to adaptive capacity. 
Naturally, it seems that the most logical train of thought is that if efforts are being made to 
increase adaptive capacity in one area, overall adaptive capacity should increase however, this is 
not entirely factual. While improving the conditions stated above may increase adaptive capacity 
in some way, they could also decrease adaptive capacity in other ways. For example, economic 
and technological growth may initially improve adaptive capacity of a community, social 
conditions may suffer and progressively reduce the adaptive capacity (Ford & Smit 2004). 
Adaptive capacity is considered a dynamic characteristic rather than static and varies 
between areas, regions, social groups, individuals and can change over time (Ford & Smit 2004; 
Cuevas 2011). Because of this communities also have a “coping range”. This is the ability to 
adapt to change within a specific range and means that communities adjust their behavior to suit 
the environment and manage the changes in order to increase benefits (Ford & Smit 2004).  
Adaptive capacity is not typically researched on its own, a significant amount of research 
has been dedicated to socioeconomic conditions that impede the coping ability of a community 
(Ford & Smit 2004). Despite the significant amount of research on adaptive capacity, there is 
little understanding of how to measure a community’s coping ability in terms of climate risks 
(Ford & Smit 2004; Adger 2006). This creates a barrier for northern communities in climate 
change adaptation. 
 
2.2 Climate Change in the Yukon 
 
As previously stated, climate in the north is changing at a much faster rate than in southern 
Canada and the rest of the globe (NCE 2015; IPCC 2013; Government of Canada 2016), and the 
impacts have a domino effect that affects all living aspects of life on earth. Through this domino 
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effect, climate change impacts are expected to become more severe and frequent (Arctic Council 
2016). Climate indicators such as temperature and precipitation inform researchers of long-term 
changes in climate. “Climate indicators are a measure of a complex system, chosen to provide an 
objective overview of the climate system and any potential change” (NCE 2015, 2). In a broad 
sense, climate change impact human health, agriculture, forest ecosystems, water resources, 
coastal regions and plant and animal species (Cuevas 2011). It is important to note that climate 
change is not the only driver behind changes in the north. Within each trend, there is an expected 
about of variation. For example, one summer in the Yukon may be significantly hotter than 
historical records show and the next year may be slightly cooler and the result is data points on 
both ends of the spectrum. The important information here is that when overall trends are 
examined, there is an increase. These variations can be found in all of the climate change 
indicators discussed below.  
 
2.2.1 Temperature 
 
In terms of indicator strength, temperature tops the list not only for the Yukon, but also for 
the planet. Over the past 50 years, Yukon has experienced an increase in annual temperature of 
2C (NCE 2015; Ogden 2001). It is generally agreed among academics that the Arctic region is 
warming at twice the rate of the rest of the world (Arctic Council 2016). The increase in 
temperature is felt most during winter months where warming has been 4C over the past 50 years 
(NCE 2015; Ogden 2001; Government of Canada 2016, Newton et al 2005). In addition to 
general warming, extreme temperatures are expected to increase in frequency and severity 
(Newton et al 2005). Communities throughout Yukon are vulnerable to changes in temperature 
due to the heavy reliance on existing permafrost, snowpack levels, snow albedo effect, and active 
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layer depth (Newton et al 2005).  Figures 2.2 and 2.3 show current and projected warming for 
the Yukon.  
 
Figure 2.2: Temperature Anomaly in Northern BC/Yukon (1950 - 2015).  
The data for this figure was collected from various points in northern BC and Yukon and 
displays how temperature has increased since 2015. Despite variation, the trend is increasing. 
Source: NCE 2015 
 
Figure 2.3: Projected Temperature Northern BC/Yukon (1990 – 2110).  
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Three different climate scenarios are presented; B1, A1B, and A2. B1 depicts a world where 
global populations peak 2050s and a decline follows (IPCC, 2000). This scenario includes rapid 
economic growth with a shift towards clean energy (IPCC, 2000). A1B scenario depicts a very 
similar situation to B1. The difference is the A1B scenario involves a world that has a balance 
between fossil and non-fossil intensive energy sources (IPCC, 2000). A2 scenario describes 
world that is heterogeneous. This scenario has a continuously increasing global population 
coupled with regionally oriented economic development (IPCC, 2000). Additionally, the A2 
scenario represents self-reliance and preservation of local identities (IPCC, 2000). Despite 
presenting three different climate scenarios, this figure shows an overall increase in temperature 
under all scenarios. 
Source: IPCC 2000; NCE 2015 
 
2.2.2 Precipitation 
 
Mountainous terrain and year-to-year variability in precipitation in the Yukon create a 
weaker climate indicator (Ogden 2001). However, trends have still been recorded and predict a 
general increase in precipitation over the next 50 years. In the past 50 years, Yukon has 
experienced a precipitation increase of approximately 6% and for the next 50 years predictions 
suggest an increase of 10% to 20% (NCE 2015; Newton et al 2005). Figures 2.4 and 2.5 display 
the historical precipitation trend and the projected trends for the Yukon. 
 
Figure 2.4: Precipitation Trends in the Northern BC/Yukon (1950 – 2015).  
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Like the two previous graphs, the data for precipitation was collected from various points in 
Northern BC and Yukon. There are variations from year to year, but the trend does show an 
overall increase in precipitation. 
Source: NCE 2015 
 
Figure 2.5: Projected Precipitation for Northern BC/Yukon (1990 – 2110).  
The depicted scenarios are identical to those found in Figure 2.3. 
Source: IPCC 2000; NCE 2015 
 
2.2.3 Fire 
 
Trends in fire need to be recorded for a substantial timeframe in order to be considered 
significant, and this has not been done in the Yukon; resulting in a weak but probable trend. Over 
the past 50 years, there has been an increase in the area burned (NCE 2015). Figure 2.6 displays 
the fire history of the Yukon.  
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Figure 2.6: Yukon Fire History (1960 – 2015).  
The graph depicts area burned during wildfires in northern BC/Yukon. The trend may be slight, 
but it is increasing over time. 
Source: NCE 2015 
 
2.2.4 Permafrost 
 
Permafrost, which is defined as “ground that remains at or below 0C for a minimum of two 
consecutive years” (Roots, Smith & Meikle 2004, 32), is a serious concern throughout the Yukon 
as it has already begun degrading and shows no signs of slowing down or stopping (NCE 2015; 
Government of Canada 2016; Newton et al 2005). Permafrost is found throughout Yukon at 
different levels, shown in Figure 2.7. Permafrost can contain various amounts of ice: some 
regions may contain high amounts and others may contain minimal (Yukon Permafrost Network, 
2011). In some locations, permafrost can reach depths of 300 meters which can make 
infrastructure development and maintenance very challenging. It also means that the landscape 
can become highly vulnerable to change (Warren & Lemmen 2014). Permafrost thaw is the most 
vulnerable to warming winter temperatures (Warren & Lemmen 2014).  
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Figure 2.7: Yukon Permafrost Map.  
There are four types of permafrost found in the Yukon: continuous, extensive discontinuous, 
sporadic discontinuous and isolated patches (northern BC). Latitude is the main driver for 
permafrost type in the Yukon: northern communities have more permafrost. 
Source: Yukon Permafrost Network, 2011 
 
The thawing of permafrost has significant consequences for transportation, buildings and 
other infrastructure (NCE 2015; Prowse & Furgal 2009; Newton et al 2005), which means that 
engineers must become informed about permafrost in order to accommodate the changes 
(Newton et al 2005). Permafrost thaw also has implications for the mining industry: tailings 
ponds and mine dams require permafrost berms to remain stable and as the permafrost thaws, the 
risk for disaster increases (NCE 2015; Government of Canada 2016; Prowse & Furgal 2009; 
Newton et al 2005). From a landscape perspective, thawing permafrost can lead to slumping, 
erosion, ground instability, and forest mortality (Government of Canada 2016). Additionally, 
changes in the permafrost cycles can create alterations in the way that Earth naturally releases 
and absorbs greenhouse gases (NCE 2015). This consistent thaw is a strong indicator that climate 
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is warming in the Yukon. In fact, Warren & Lemmen (2014) state that in areas with 
discontinuous permafrost average ground temperatures have experienced a warming of 0.2C per 
decade (Warren & Lemmen 2014. In areas where permafrost is continuous, there are fewer 
testing sites and therefore less certainty. However, these sites have measured a 1C per decade 
change (Warren & Lemmen 2014). Even minor changes in the landscape, whether they be 
natural or human induced, can have significant impacts on the stability of permafrost (NCE 
2016). Examples of events that impact permafrost stability include but are not limited to 
increased air temperature, changes in snow depth, increased active hydrology layer, 
infrastructure and fire occurrences (NCE 2016; Newton et al, 2005). Permafrost poses a very 
serious threat to community infrastructure whether it be a buildings, parks, or transportation 
routes. Thawing of permafrost “may cause building foundations to shift unevenly, pipelines and 
storage tanks used for water and sewage to rupture and buckle, and the structural integrity of 
older buildings, water supplies and waste disposal infrastructure could be threatened (Newton et 
al 2005, 550). 
In addition to infrastructure impacts, any disruption to the organic cover or drainage patterns 
can create a domino effect with the soil thermal regime and ultimately result in an unstable 
terrain (NCE 2016; Newton et al 2005). This landscape feature does not react statically; as the 
surrounding environment changes, the permafrost will react dynamically, and its behavior 
requires a holistic approach at various scales (NCE 2016). Permafrost plays an important role in 
the understanding of northern environments.  
The active thawing of permafrost has detrimental impacts on non-biological systems. 
Ultimately, the changes to the landscape as discussed above, have the potential to seriously harm 
culture and social aspects of life in the north through a cascade effect.  
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Despite the broad understanding of how thawing permafrost can impact communities, 
impacts are not as well understood as impacts from melting sea ice or glaciers; this is mainly due 
to a lack of baseline information (Bonnaventure & Lewkowicz 2013; Yukon Permafrost Network 
2011). Since the majority of northern communities have some level of permafrost, it is becoming 
increasingly important that the community level impacts of permafrost thaw are better 
understood (Bonnaventure & Lewkowicz 2013). 
 
2.2.5 Hydrological Cycle 
 
The hydrological cycle plays a significant role in the lives of those who inhabit the north 
whether humans, animals or vegetation. This region of Canada is driven and controlled by the 
hydrological cycle in the sense that snowmelt is the major driver behind much of the flowing 
water (Newton et al 2005). This also suggests that the hydrological cycle is particularly 
vulnerable to both temperature and precipitation changes (Newton et al 2005). 
Hydrological changes are influenced by alterations in temperature and precipitation; both of 
which are actively occurring in the Yukon (NCE 2015; Government of Canada 2016). 
Permafrost plays an important role in the hydrological cycle and when it is degraded the 
pathways are altered, which can change the annual flows of groundwater (NCE 2015; 
Government of Canada 2016; Newton et al 2005). This also leads to changes in streamflow and 
groundwater flow patterns.  
Flood risk is a major hydrological concern throughout the Yukon as a few communities have 
experienced serious flooding in the past decade. The small community of Marsh Lake, just 
outside of Whitehorse has experienced flooding events. One of the worst floods for this 
community occurred in the summer of 2007, where water levels in August reached record 
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depths. A Yukon Government hydrologist explained how changes in precipitation at higher 
elevations played a role in the event (CBC News, 2007). Increased storm and rain events, late 
season freeze-thaw cycles, and heavy snowpack with warm springs all contribute to an increase 
in flood risk for the Yukon (NCE 2015; Government of Canada 2010; Newton et al 2005). In 
addition to flooding, water quality concerns stem from increased turbidity and contaminants; all 
of which occur due to increased temperatures (NCE 2015; Government of Canada 2016). The 
movement and distribution of water is significant to understanding how northern environments 
may respond to climate change (NCE 2016). Without researching the hydrological cycle in 
Yukon, the barrier to defining and predicting hazards grows significantly (NCE 2016). 
Additionally, most Yukon settlements are situated along major rivers for ease of access to 
resources and transportation routes, but this also poses a significant threat from flooding 
(Newton et al 2005). Changes in snowpack, and ice cover on water bodies can impact the 
development and stability of winter roads; resulting in a disruption in deliveries to numerous 
communities (Newton et al 2005). Since many people living in northern communities have 
shifted towards a more western lifestyle, there is an increased dependence on store bought items 
and any disruption to the transportation route can wreak havoc on the community (Newton et al 
2005; Schuster et al 2012; Schuster 2010).  
 
2.2.6 Vegetation 
 
Changes in vegetation communities have been observed by both researchers and locals 
throughout the Yukon. Species are moving both north in latitude and up in elevation (NCE 2015; 
Prowse & Furgal 2009; Danby & Hik 2007b; Newton et al 2005). Not only will species shift, but 
a change in temperature is predicted to increase the size of individual trees as well as increase 
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overall canopy cover (Danby & Hik 2007a). At its most extreme large regions of northern 
Canada could develop completely new ecosystems (Newton et al 2005), which would deeply 
impact human settlements. While disturbances in vegetation communities are natural, there have 
been recent disturbances in Yukon that are related to climate change (NCE 2015). Changes in the 
vegetation can increase susceptibility to disease and insect outbreaks. Invasive species are 
already demonstrating their strength in Yukon. Warm and dry conditions have led to a serious 
outbreak of the Spruce Bark Beetle resulting in the death of 50% of the mature spruce forest in 
southwest Yukon (NCE 2015; Ogden & Innes 2009). The Mountain Pine Beetle is also making 
its way into Yukon due to warmer temperatures during the winter. It has been recorded 
approximately 80km from the BC/Yukon border (Yukon Government 2016). 
 
2.2.7 Wildlife 
 
The threats to wildlife are intricately connected to the people who rely on them for survival. 
Any changes in wildlife will cause a serious domino effect on the greater ecosystem and the 
people who rely on them. It has been noted that change to wildlife populations is one of the two 
biggest concerns for Yukon First Nations (NCE 2015) and many elders are seeing a change in 
the type and frequency of species in their communities (Newton et al 2005). Mammals such as 
caribou are experiencing an increase in stress due to changes in nutrient values, food access, 
breeding grounds, and historic migration routes (NCE 2015; Prowse & Furgal 2009). Like 
vegetation, animal species ranges will be altered. Many species are projected to move northward, 
resulting in the introduction of new species and decimation of others (NCE 2015; Prowse & 
Furgal 2009). Relating back to the hydrological cycle, fish habitat is also being altered by 
changes in flow, temperature, and sediment load (NCE 2015; Newton et al 2005). During the 
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side seasons (fall and spring), a shift in timing for water body freeze up and break up may impact 
the migration patterns for many species in the north which again, would impact Yukon 
communities (Newton et al 2005). Along with large mammals and fish, small mammals face 
significant challenges from increasing temperatures and changing precipitation patterns. Species 
like the collared pika are attempting to adapt to changes in climate and ultimately their habitat. 
The collared pika rely on significant snowpack for thermal insulation during the winter months 
and with changes in winter precipitation (Morrison & Hik 2007; CBC News 2016), these small 
mammals have declined in population and have been placed on Canada’s Species at Risk Act 
(CBC News 2016). 
 
2.2.8 Food Sources 
 
The food system in the north is already in a fragile state (Government of Canada 2016; 
Schuster et al 2012; Schuster 2010) and climate change is predicted to do more harm than good 
(Government of Canada 2016; Public Policy Forum 2016). Hunting, fishing, and gathering are 
viewed as not only food sources but also building blocks for cultural and social identity in First 
Nations communities (NCE 2015; Government of Canada 2016; Prowse & Furgal 2009). A 
delicate food system combined with the impacts from changes in the hydrological cycle, 
variability in precipitation, and alterations to the freeze-thaw cycle have significant implications 
for access and ability to hunting and gathering and although First Nations have rights to harvest 
their traditional food sources, the abundance and/or health of these resources may be severely 
impacted by climate change (NCE 2015; Schuster 2010; Schuster et al 2012). Changes in food 
availability come with a level of uncertainty. As ecosystems work to adapt to the changes, there 
is uncertainty in how the attempts to adapt will cause further change; desired or undesired 
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(Arctic Council 2016). Despite the challenges anticipated for food sources in the Yukon, the 
increase in temperatures may allow more locally grown food to be harvested (NCE 2015; 
Government of Canada 2016). 
 
2.2.9 Infrastructure 
 
In addition to resources and humans, climate change can impact community infrastructure 
(Cuevas 2011). Flooding and wildfire are becoming more common hazards for infrastructure in 
Yukon communities due to their location along water bodies and in fire-prone forested areas 
(NCE 2015). Additionally, landslides, which can decimate infrastructure, are predicted to 
increase due to permafrost thaw, wildfire, and increased extreme precipitation events (NCE 
2015). 
The strength of infrastructure is a major concern for Yukoners; as much of the current 
infrastructure is original and may not be able to withstand changes in precipitation, storm 
severity or thawing permafrost (NCE 2015; Government of Canada 2016). The NCE (2015, 13) 
reports that “as frozen ground thaws, some existing buildings, roads, airports, and industrial 
facilities are likely to be destabilized, requiring substantial rebuilding, maintenance, and 
investment”. Communities in northern Canada face additional challenges through transportation 
of goods. Roads can be damaged by flooding, landslides and thawing permafrost; further 
threatening the infrastructure and well as food security and the food system (Government of 
Canada 2016). As previously mentioned, the mining industry will face permafrost thaw 
challenges; tailings ponds and mine dams rely on the stable permafrost berms and as thaw 
continues, there is potential for disasters. However, steps are being taken to improve the stability 
of infrastructure in the Yukon to minimize hazard risk (NCE 2015). 
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2.2.10 Traditional Knowledge 
 
As the climate continues to demonstrate its power in the north, Traditional Knowledge (TK) 
is becoming more important in understanding how the landscape and climate is changing. While 
scientific research has explored many topics regarding climate change, TK has the potential to 
fill in gaps. The Council of Yukon First Nations (CYFN) (2000, 2) states that traditional 
knowledge “is undefined by those who have lived it and experienced it throughout their lives. It 
is all that engulfs the cultural, linguistic, spiritual, and subsistence ways of Yukon First Nation 
people. TK is the understanding that begins its process of transmission at birth and continues 
throughout one’s lifetime”. 
First Nations who rely on the land for survival have been identified as vulnerable due to 
their dependence and connections with the land (Government of Canada 2016), however, 
historically speaking, First Nations communities did not consider themselves vulnerable because 
they had the mobility to locate and use local resources (Newton et al 2005). Experience often led 
them away from dangerous or threatening areas, which is known as “risk avoidance” (Newton et 
al 2005). Since many communities have now become settled in one place, climate change stands 
to threaten the landscape, wildlife, access to food, and the cultural identity of First Nations (NCE 
2015; Government of Canada 2016; Newton et al 2005). Climate change will create additional 
stress on Yukon communities; testing resiliency and community capacity to adapt (NCE 2015).  
However, opportunities exist for integrating TK into scientific findings. “Local and 
Traditional Knowledge provides local scale (site specific), detailed, and holistic information and 
gives a long-term perspective of change, thereby complementing scientific information on 
climate change, which is often at a broader (regional) scale (i.e. climate data), less integrated 
(i.e., single species versus ecosystems), and short-term in perspective” (Gill et al 2001, 148). 
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2.2.11 Community-Level Impacts 
 
Our understanding of how individual communities will respond to climate change is limited. 
As previously mentioned, uncertainty is central in our understanding of how climate may change 
and how individual communities will respond to those changes (Duerden 2004; Ogden & Innes 
2009). Uncertainty stems from lack of information, long time scales, complexity of the climate 
systems, measurement error, and large scales (Ogden & Innes 2009). For community-level 
impacts, the scale at which research is conducted is arguably the biggest source of uncertainty. 
Climate change research is typically conducted at a large scale resulting in generalization. 
However, due to the low population density and differences in communities at a local level, these 
generalizations do not capture how each community may react to changes (Duerden 2004; 
National Oceanic and Atmospheric Administration 2014). Additionally, factors such as local 
conditions, population attitudes, cultural history, and economic situations will play a role in how 
a community responds (Duerden 2004). The development of a systemic understanding of 
community-level conditions is required to understand how environmental changes will impact 
individual communities (Duerden 2004). A shift from large to small scale understanding and 
planning puts more power with individual communities and creates a stronger sense of control 
(Newton et al 2005). Without a holistic perspective on the complexity and interconnectedness of 
Yukon communities, the full impacts cannot be understood. There have been attempts to 
determine how climate will change on regional levels through the act of “downscaling” global 
circulation models which are used to predict changes in the climate (National Oceanic and 
Atmospheric Administration 2014). However, there is a still a long way to go in terms of being 
able to predict community level impacts as there are so many factors to consider.  
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2.3 Hazard Mapping History, Development & Policy Options 
 
The first hazard maps were created by Nicolas Desmaret in the late 1700s and depicted the 
path of lava flows (Bobrowsky 2002). Despite the emergence of the hazard map, much progress 
was not made until a serious volcanic eruption occurred on May 8, 1902 in St. Pierre, Martinique 
(Hickson 2002). At this point in time, the scientific community became engaged in gaining more 
understanding of natural hazards such as volcanic eruptions (Bobrowsky 2002). Broadly, hazard 
maps are two-dimensional outputs that display information on type, severity and extent of 
hazardous events with a main purpose of communicating information (Hickson 2002). The 
Northern Climate ExChange (2016, 5) provides a strong definition for the hazard maps used in 
this research and their position within climate change adaptation. 
“Hazard maps integrate complex environmental data into an easy-to-interpret, user-friendly tool 
for decision-making. The maps are created on a community-by-community basis and combine 
information about current and future landscape and climate conditions in order to rank the risk 
related to environmental change. As a result, they are tailored to each community’s unique 
environment”  
 
In terms of climate change, the identification of a hazardous event prior to its occurrence can 
be a highly effective tool for mitigation (Bobrowsky 2002). And while the risks from climate-
related hazards cannot be completely eliminated, hazard maps allow communities to lessen the 
risk (Newton et al 2005).  
Hazard maps have experienced a significant growth in use since first emerging. One of the 
main reasons for this has been the improvement of technology. Specifically, improved spatial 
imaging has resulted in stronger base data needed to develop the maps (Dottori et al 2016). 
While there have been significant improvements, there are regions that are lacking the required 
base data to develop hazard maps (Schumann et al 2018). 
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The steps required for the development of hazard maps are quite extensive. Depending on 
the hazard being mapped, the exact steps required may differ (NCE 2016). Additionally, there is 
not a standardized approach for developing this type of map. Many different aspects can impact 
how they are developed. For example, the recorded history of hazard events, what risk is being 
assessed, how climate change is anticipated to impact the area, existing spatial maps or geologic 
surveys all can impact the steps to completion differently. If it is unknown how much permafrost 
lays beneath a community, researchers must take a step back and map it. Using surficial geology 
maps, air photos, ground-penetrating radar, electrical resistivity tomography and permafrost 
cores, researchers can determine the current state of the landscape and its related climate change 
risk (Yukon College 2016). These maps can and are being used by decision makers at small 
across the globe. 
  As communities are facing more climate change related hazards, adaptation efforts have 
been increasing as well.  When it comes to developing a hazard map, there seems to be no 
concrete framework or requirement. Many different conditions may dictate who does hazard 
maps and what steps are taken. For example, an Arctic community may be more concerned about 
permafrost thaw compared to fire, so it makes the most sense for those who are knowledgeable 
on permafrost thaw to be conducting the research. In some communities, like Old Crow, Yukon 
there may be multiple concerns and hazards and that type of situation would require multiple 
governments and research organizations to collaborate. Research has allowed numerous hazards 
to be mapped such as permafrost thaw, floods, droughts, storms, fires and landslides. However, 
the most commonly mapped hazards are fire and flood.  
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2.3.1 Hazard Mapping in the Yukon 
 
In Yukon, the Northern Climate ExChange and the Yukon Geological Survey have the 
expertise and capacity to complete maps for seven communities. The Northern Climate 
ExChange (NCE), based out of Whitehorse, Yukon, in collaboration with the Yukon Geological 
Survey (YGS) has successfully developed hazard maps for seven communities throughout 
Yukon.  
The Northern Climate ExChange is a research organization based out of the Yukon 
College’s Research Centre. The NCE was founded in 2000 and with an emphasis on partnerships 
and relationships has taken action to “explore and respond to climate change impacts on northern 
communities and their infrastructure” (Yukon College n.d.). The NCE continues to work under 
three key theme areas (Yukon College n.d.): 
1. Advancing and Applying Knowledge: “We develop research questions in collaboration 
with communities and governments, implement research projects, and share our results 
with organizations across the circumpolar North. Our research has been used across 
Canada’s North to guide adaptation to climate change impacts” 
2. Partnerships: “We partner with many different organizations across Canada’s North. We 
have supported Government of Yukon’s action to mitigate hazards along the territorial 
highways, the Yukon Energy Corporation in their efforts to ensure hydro-security, and 
several First Nations in their work to encourage use of traditional knowledge and 
respond to a changing climate” 
3. Promoting Climate-Aware Decision-Making: “Our researchers work with government 
employees to bring conversations about climate change into everyday decision-making. 
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This is done through courses, and working with government to integrate climate change 
plans into development assessment” 
These communities are Burwash Landing & Destruction Bay, Pelly Crossing, Mayo, Faro, 
Ross River, Dawson City, and Old Crow (Yukon College 2016). These communities were 
chosen to participate in a hazard mapping project due to the extent of underlying permafrost, 
which has been degraded (Yukon College 2016). While the hazard maps developed by the NCE 
focus mainly on permafrost and landscape degradation, Yukon Government and Government of 
Canada have developed hazard maps for flood risk. The Water Survey of Canada is responsible 
for the monitoring and reporting of about 70 large bodies of water (rivers and lakes mostly). The 
Yukon Snow Survey Bulletin and Water Supply Forecast publish seasonal forecasts and the 
Yukon State of Environment Report highlights historical water levels and precipitation patterns 
(Yukon Government n.d.b). Risk from flood is generally more well understood and 
mainstreamed in comparison to permafrost and landscape degradation.  
Generally, communities, engineers, planners, consultants, governmental and non-
governmental decision makers and First Nations are just a few examples of organizations that 
can access hazard maps to provide insight in the planning and development stages (Yukon 
College 2016). For example, Kluane First Nations (KFN) has used the maps for land use 
planning and the Yukon Environmental and Socioeconomic Assessment Board has used the 
maps in the decision-making process for land development applications in Dawson City (Yukon 
College 2016).  
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2.3.2 Using Maps as a Policy & Decision-Making Tool 
 
In the 1990s the United Nations Framework Convention for Climate Change (UNFCCC) 
placed significant emphasis on the reduction of greenhouse gases, or mitigation efforts (Newton 
et al 2005) and while mitigation is an important piece in reducing climate change, reducing 
greenhouse gases will not stop the warming that has already taken place and the effects of a 
reduction will not be felt for decades (Newton et al 2005).    
Canada has been involved in the conversation around climate change for many years. Dating 
back to the 1980s, there have been various programs developed to assist those living in northern 
Canada and as research continues to come forward, these programs are subject to change. One 
major flaw with these federal programs is that they are often disconnected from what is being 
experienced on the ground, meaning that they are developed without input or experiences from 
those who are actually living in these vulnerable areas (Newton et al 2005). Because of this 
disconnect, many Indigenous communities choose to research, implement and monitor their own 
mitigation and adaptation strategies which can create an “uncoordinated input of their views, 
needs, and priorities in the international discourse” (Newton et al 2005, 555).    
Although our understanding of climate change in Canada has increased significantly over the 
past decade, research is still seriously lacking for community level impacts in northern 
communities. As more research is completed, governments must initiate “a long-term 
commitment to capacity-building and new flexible funding initiatives, which would be driven by 
the mounting evidence” (Newton et al 2005, 548) in order to protect the most vulnerable people 
and landscapes.  
When it comes to the use of hazard maps in climate change adaptation planning, policy and 
decision making are two major barriers. As previously mentioned, adaptation is slowly becoming 
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mainstreamed but still has a long way to go before it becomes more normalized in every day 
decision making from upper-tier governments and municipalities. While there are many 
unknowns about climate change and climate related hazards, it is clear that individuals, 
communities and governments must take appropriate action and responsibility in order to 
manage the short term and excel in the long term (Newton et al 2005). 
Hazard maps have various applications, however their fundamental role in risk management 
is arguably the most important application (NCE 2016). The combination of hazard mapping and 
risk assessment creates the building blocks for risk management in decision making (NCE 2016). 
Within the realm of risk management, hazard maps are often used to inform individual 
communities about the risks that exist near them and play a significant role in assisting 
communities in meeting future goals and objectives (NCE 2016). Hazard maps not only have the 
ability to identify potential risk, but they can provide a risk level on a community level scale 
(NCE 2016). In a climate change context, “hazard maps help address a community’s goal of 
incorporating climate change adaptation planning into its approaches to decision making and 
community development” (NCE 2016, 8). Before adaptation planning can be incorporated into 
decision making, communities must identify and evaluate their risks and vulnerability to climate 
change and determine what actions could mitigate or reduce risk (NCE 2016). 
As with all scientific research, hazard maps have their limitations, and responsibility falls on 
the community to recognize those limitations and take appropriate action. The NCE (2016, 9) 
recognizes the following limitations with their hazard maps; 
1. While hazard maps can be used as a guide to develop and implement policy, it is 
important to note that the hazard maps developed by the NCE are just that, a guide. 
2. These maps are “one of the first steps in community planning and development”.  
3. “It is important to note that even though hazard maps produce more localized 
information, there is still variability within the individual research sites”.  
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4. Hazard maps are a static product meaning that they provide a snapshot into the 
landscape risks rather than displaying change over time 
 
2.3.3 Communication 
 
Communication is a barrier in many ways for connecting academic research with 
government policy. As previously noted, a lack of communication between the federal 
government and northern communities resulted in a disconnect for northern programs that are 
meant to benefit northern residents. Communication barriers also exist within the governments of 
northern communities. Due to the sensitive environment, northern Canada is a major location for 
research and while the large amounts of research completed in the north may seem beneficial, 
without a system to monitor and keep track of what is being researched and where, there is a 
significant amount of overlap and gaps that remain (Newton et al 2005). Although information 
sharing can be difficult, it would result in more efficient research and funding opportunities 
(Newton et al 2005). Newton et al, (2005, 548) suggests that “when knowledge is not shared, 
everyone’s understanding of climate change and its impacts is diminished”. If Canada is to take 
the appropriate steps to better understand climate change in the north, addressing the 
communication barrier is a key first step. 
 
2.4 Chapter Summary 
 
Complexity is a term that could be used to describe the connections between vulnerability, 
climate change, hazard maps and community planning. The components are intertwined with one 
another which has resulted in a delicate situation for those communities looking to decrease 
vulnerability and increased adaptation abilities by using hazard mapping. While academics 
continue to debate the small pieces of the bigger picture, it is clear that northern communities are 
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facing physical, socio-economic and technological barriers when it comes to hazard mapping and 
climate change adaptation planning.  
 The gaps discovered in this chapter will prove immensely helpful as the research 
continues. The major gaps include ability to assess vulnerability, knowledge of community-level 
climate change impacts, policy issues and communication barriers.  
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3 Methods and Methodology 
 
Chapter three describes the methodology and methods that were used to achieve the research 
goals and objectives set out in Chapter 1. This chapter begins by broadly introducing the overall 
methodology before getting into the finer details and methods. Lastly, this section moves on to 
discuss in depth the use of the literature review/document analysis, case study approach, and 
semi-structured interviews. 
 
3.1 Methodology 
 
Since exploring and understanding are two major components of qualitative research 
(Creswell 2014), this research required a qualitative approach. This issue of hazard mapping in 
climate change adaptation planning can only be understood through activities such as exploring 
and communicating to understand. There is no quantitative research available to explore the 
issues of hazard mapping and climate change adaptation planning. A qualitative approach allows 
researchers to work towards a stronger understanding of an issue involving individuals or groups. 
Ultimately, qualitative research as such requires an inductive approach focused on individual 
meaning to understand and explore the complexity of an issue (Creswell 2014). This research 
relied on a combination of qualitative methods in order “to produce a more complete picture by 
combining information from complementary kinds of data or sources” (Denscombe 2008, 273). 
More specifically, this research relied on a qualitative, multi-method, case-study approach in 
order to fully explore and identify challenges in utilizing hazard maps and implementing 
adaptation and mitigation measures in Yukon.  
A broad scope was used for this project in order that the results are transferrable to other 
northern communities. However, the research should not be so broad as to generalize the north as 
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a single entity; this generalization has been cited as a major issue with existing literature 
(Duerden 2004; Ogden & Innes 2001).  
The detailed document analysis, literature review, and semi-structured interviews were 
combined to develop two different case studies within the Yukon. A multiple case-study 
approach allows for a more complete illustration of the problem situation as the north is home to 
different types of communities. Case studies are a commonly used method in both qualitative 
and quantitative research. Gerring (2004) defined a case study as “an intensive study of a single 
unit with an aim to generalize across a larger set of units” (341). Case studies are used to 
demonstrate features from a more generalized population, and where choosing a truly 
representative case study is a significant challenge (Seawright & Gerring 2008). However, 
despite the difficulties determining an ideal case study, Yin (2014) suggested a case-study 
approach is ideal for trying to explain complex social phenomena while allowing researchers to 
maintain a holistic and real-world perspective. For the purposes of this research, using the case-
study approach will provide a strong illustration of how technical tools like hazard maps are 
being utilized in climate change adaptation planning in Yukon communities. Not only does this 
research highlight one broad case study (Yukon), it also highlights two contrasting specific 
communities in order to provide a more complete picture of the situation. The gaps noted in the 
literature provide a strong base for the development of new and meaningful research in this field. 
 
3.2 Methods 
 
A literature review and semi-structured interviews embedded within a case-study approach 
were used to illustrate the barriers and opportunities for developing and improving the use of 
hazard maps in climate change adaptation planning. This array of methods was required to fully 
 44 
understand the challenges and opportunities for removing the communication barrier between 
researchers and communities. 
 
3.2.1 Literature Review 
 
An in-depth examination of the existing literature for vulnerability, climate change impacts, 
hazard mapping and adaptation in the north is necessary to conduct the proposed research. This 
stage of the research included both academic and non-academic sources and was heavily focused 
on how climate change is anticipated to impact the physical environment as well as those who 
depend on the physical environment for cultural sustainability, along with human responses to 
those impacts, and especially addressing hazards. This work included peer-reviewed journal 
articles, monographs, and government reports. The literature review acted as a basis for the 
formation of the remaining research by highlighting gaps in research. 
 
3.2.2 Semi-Structured Interviews 
 
Semi-structured interviews consumed the majority of time spent in the field for this research.  
A semi-structured interview is a middle ground between structured and unstructured interviews. 
With this type of interview, questions are prepared but the researcher has the discretion to ask 
questions in different orders (Harrell & Bradley 2009). Semi-structured interviews are most 
commonly used in research that involves policy and allow the researcher to obtain more detailed 
and thorough responses from the participant (Harrell & Bradley 2009). 
The interviews conducted during this research fill in knowledge gaps as well as provide 
insight into climate change adaptation in various Yukon communities. Interviewees included 
functional experts and local people in order to capture the entire situation of implementing 
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hazard map information into climate change adaptation strategies. The interviews lasted between 
30 and 90 minutes. Overall, eleven interviews were conducted, and the breakdown can be seen in 
Table 3.1 below. 
 
Table 3.1 Research Participants & Organizations 
 
Agency Code 
First Nation Organizations 
- Burwash Landing and Destruction Bay 
- Old Crow 
 
FN1, FN2, FN3  
FN4, FN5, FN6, FN7 
Territorial Government 
- Whitehorse 
 
TG1, TG2, TG3 
Research/Educational Organizations RO1 
 
All interviews were conducted in person during field visits. Participants were chosen based 
on the following criteria: 
1. Knowledge and experience developing and using the hazard maps for Burwash 
Landing and Old Crow; 
2. Professional experience working with the hazard maps; 
3. Availability and willingness to participate on specific dates.  
Of the eleven interviewees, three represented the Yukon Territorial government, seven 
represented First Nation governments, and one represented an educational/research institution. A 
digital recording device was used to document interviews and the discussions were transcribed 
immediately following the interviews. In hindsight, it may have been beneficial to have spent 
more time in the community and working to find individuals that could contribute to the 
research. It also may have been useful to find other professionals, perhaps in southern Canada, 
who are well versed in the development and use of hazard maps.  
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Participants were asked a series of questions ranging from their knowledge and 
understanding of hazard mapping to ways their community has been impacted by climate 
change. The intention of these questions was to explore how the original hazard maps have been 
utilized in the community and identify areas for improvement or adjustments in their 
development and usability in the communities. The questions were designed to be open ended in 
order to encourage more discussion between researcher and participant and can be broken down 
into three main topic areas (the full interview script is in Appendix 2): 
1. Climate Change Questions 
a. What natural hazards are of biggest concern for your community? Why? 
b. How might changes in the physical environment impact the community? 
c. How have issues around climate change adaptation been discussed/considered in 
your community? 
2. Hazard Map Questions 
a. What are the challenges around integrating findings from hazard maps into 
community adaptation? 
b. What do you think the most valuable piece of information/take home message is 
on a hazard map? Why?  
c. What are the challenges around making the information both available and 
understandable for the public? 
3. Recommendations 
a. What opportunities exist for Yukon communities that have not successfully 
implemented hazard map findings into community-based adaptation? 
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b. What steps should be taken in your community to improve the implementation of 
climate change strategies? 
c. Is a uniform process for improving these climate change adaptation strategies 
possible for the Yukon? If so, what type of support would be required? 
d. What role do governments, organizations, and communities currently have in the 
situation? Could this be improved? 
Initially, the field season was set for October-December 2017 however, poor weather 
conditions prevented travel to Burwash Landing and Old Crow during this time. Because of this, 
the field season was extended through until May 2018. Interviews took place in Burwash 
Landing & Destruction Bay on February 21 and 22, 2018 and in Old Crow from April 4-7, 2018. 
Interviews that took place in Whitehorse were completed sporadically throughout the research 
period. 
 
3.3 Data Analysis 
 
The interview audio was captured with a digital recording device and manually transcribed 
by the researcher immediately following the meetings. Participant responses were recorded and 
organized into a spreadsheet that had all responses for all questions. Key words and themes were 
manually picked out from each response Figure 3.2 is an example of how the interviews were 
organized and analyzed.  
After transcribing, the researcher went through each individual response and identified key 
themes and topics. These key themes were placed next to the responses and all organized on one 
sheet. These key themes form the discussion for Chapter 5. Chapter 5 takes each question asked 
 48 
and discusses the key themes and ideas while identifying those themes that were mentioned 
most.  
 
 
Figure 3.1: An example of transcribed interview and key themes.  
Each question has the coded identifier, the direct quote from the participant and the key themes 
mentioned. 
 
3.4 Ethics Review & Research Permits 
 
Conducting ethical and appropriate research requires various approvals and permits in 
Yukon. Prior to travelling from Waterloo, Ontario to Whitehorse, Yukon, a project proposal was 
completed. The proposal required approval from the supervisor, Dr. Scott Slocombe, and 
committee member, Dr. Mary-Louise Byrne, from the Department of Geography and 
Environmental Studies at Wilfrid Laurier University. The next step was to gain approval from 
Wilfrid Laurier University’s Review Ethics Board. This was done by submitting all necessary 
information via WLU’s ROMEO portal, which included the consent letters, interview and 
outreach scripts to the Review Ethics Board to ensure all research was being conducted ethically. 
In addition to submitting the required documents, TCPS 2 certification had to be completed as 
Wilfrid Laurier University Ethics follows the Tri-Council Policy Statement on Ethical Conduct 
for Research Involving Humans. Upon approval from Wilfrid Laurier University, a permit from 
the Yukon Government was obtained through the Tourism and Culture Department. This permit 
follows the Scientists and Explorers Act and was initially approved for a three-month period (17-
69S&E). The permit was extended once until December 31, 2017 and a new permit was obtained 
for 2018 (18-04S&E). This license also covers the work that was completed with the Kluane 
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First Nation as they do not have their own review ethics board. For the work completed in Old 
Crow, a separate ethics process was required through the Vuntut Gwitchin First Nation office. 
Copies of interview scripts, and consent forms are in appendices. Since this research was mainly 
funded by the Association of Canadian Universities for Northern Studies (and the federal 
Northern Scientific Training Program), it also followed the requirements set out within the 
Ethical Principles for the Conduct of Research in the North (Association of Canadian 
Universities for Northern Studies 2003).  
 
3.5 Limitations 
 
While the approach used was designed to capture the most accurate information from 
participants, it does have limitations. On the research side, there is minimal research on hazard 
mapping in the north available. Some communities have maps, but most do not. It was 
challenging to compare this project to others in northern Canada. The most significant limitation 
for this research was related to participant numbers. Finding enough participants from both 
Burwash Landing and Old Crow proved to be difficult throughout the research process. In the 
community of Burwash Landing and Destruction Bay, there is a maximum of five individuals 
who use the hazard mapping at work. Of those five people, three were successfully interviewed. 
For Old Crow, there was difficulty in having participants follow up after initial contact. Some 
individuals who had agreed to participate have not responded to numerous communication 
attempts.  
 
3.6 Chapter Summary 
 
The overall research design was developed to explore how hazard maps are being used in 
community climate change adaptation planning in Yukon communities. A classic, social science 
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mixed methods approach was used which combined an extensive literature review and document 
analysis, with semi-structured interviews, within a case study approach.  
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4 Case Study Region and Communities 
 
This project was conducted in the Yukon Territory, located north of British Columbia and 
east of Alaska, and home to many unique ecosystems, landforms, climates and cultures. This 
region of Canada is characterized by exceptional ecological, topographic and cultural diversity, 
making it a good broad location for this research. 
 
4.1 Introduction to the Yukon & Case Studies 
 
Yukon has a southernmost latitude of 60N and a northernmost latitude of 69N (Ogden 
2001), with a population of approximately 38,000 people (Yukon Government 2018a); 7,700 of 
which identify as Indigenous (Statistics Canada 2016). The majority of Yukon residents live in 
Whitehorse, which has a population of 30,238 (Yukon Government 2018a). The remaining 8,000 
residents are distributed throughout 15 smaller communities throughout the Yukon (Yukon 
Government 2018a). 
The climate in the Yukon is classified as sub-arctic continental (Lewkowicz, Etzelmüller & 
Smith 2011; Rowland et al 2016). Proximity to the Pacific and Arctic oceans, rugged topography 
and latitude are the basis for this classification (Ogden 2001; Rowland et al 2016). Climate 
variability in Yukon is extensive, being greater than anywhere else in Canada (Ogden 2001). The 
average annual temperature remains below zero in all regions of Yukon, while precipitation can 
vary due to latitude and elevation (Ogden 2001; Rowland et al 2016). The settlement, 
development and evolution of Yukon have been influenced by the specific climate which has 
also played a significant role in the shaping of First Nations culture and settlement patterns 
(Ogden 2001). The Yukon First Nations survived in the north because of their understanding of, 
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and relationship with the natural environment (Ogden 2001); however, with climate change 
already affecting the area, First Nations communities are feeling the impacts first hand.  
Yukon’s landscape has been formed by millions of years of glaciation. The advance and 
retreat of glaciers has resulted in multiple levels of erosion and debris distributed across the 
territory (Yukon Government 2015). A unique situation occurred during the last ice age; the west 
central and northern sections of the territory remained free of ice due to the presence of the St. 
Elias Mountain range in the southwest section of Yukon (Yukon Government 2015).  
A notable period of the history of Yukon is the Klondike Gold Rush that began in 1898. 
During this time, Dawson City was named the capital, and the Klondike Gold Rush was a major 
driver for settlement in the territory. Thousands of eager men risked personal safety to make the 
trek to the north in search of gold (Yukon Government 2015). In the early 1900s, the Klondike 
gold rush rapidly declined, but other mines opened throughout Yukon slowly increasing 
movement of people north. By the mid 1900’s, after the Alaska Highway construction, the 
population had again increased substantially, and the Territory’s capital was moved to 
Whitehorse (Yukon Government 2015). While the Klondike Gold Rush resulted in an increase in 
population, there were many existing First Nation communities prior which were impacted by 
the population increase.  
As the territory grew and development, the impact on First Nation communities also 
increased. This move led into the settlement of land claims and the Umbrella Final Agreement, 
which was finalized in 1990 (Council of Yukon First Nation n.d.). The Umbrella Final 
Agreement was established for the 14 First Nations in the Yukon and to date, there are just three 
who have yet to settle their individual land claims (Council of Yukon First Nation n.d.).   
 53 
The public sector is the main employer in Yukon: employing approximately 40% of the 
population (Yukon Government 2018b). The private sector also employs a significant number of 
Yukoners, approximately 40% and the remaining 17% identify as self-employed (Yukon 
Government 2018b).  
From an outside perspective, the Yukon Territory may seem to function similarly to a 
province however, upon a deeper exploration it is clear there are some significant differences. 
The Yukon Government (YG) plays the most significant role in terms of governance for the 
territory and communities within. This is because YG has more capacity and financial ability to 
contribute than smaller governments. YG also has various departments that deal and work on 
climate change issues.  
Despite YG’s role within the territory, the Federal Government must also step in to 
financially support the region. For the 2019/2020 fiscal year, the Government of Canada plans to 
support Yukon with just over $1.1 billion (Government of Canada, 2017). In addition to the 
territorial and federal governments, First Nation Governments also have a role to play when it 
comes to climate change. As previously mentioned, Yukon is the traditional territory of 14 
different First Nations, 11 of which have settled land claims and governance structures (Council 
of Yukon First Nation n.d.). This adds another dimension to how climate change is addressed in 
Yukon communities. While the federal and territorial governments contribute in capacity and 
finances, the community governments are the ones on the front lines dealing with the everyday 
issues that arise.  
Burwash Landing/Destruction Bay and Old Crow were identified for case studies. These two 
communities were chosen from the seven communities that have existing hazard maps. While 
these two communities are considered rural, they each have unique characteristics and different 
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landscape hazards which allows for more well-rounded overall research with more potential to 
be transferred to other communities and regions. The following two sections provide the broad 
background to the two communities’ socio-economic and biophysical context. 
 
4.2 Case Study One: Burwash Landing/Destruction Bay, Yukon 
 
The communities of Burwash Landing and Destruction Bay, Yukon (61.35N, 138.98W & 
61.25N, 138.80W respectively) are home of the Kluane First Nation (KFN) and located in the 
southwest corner of the territory on the shores of Kluane Lake as shown in Figure 4.1 (NCE 
2013a). Both communities are situated along the Alaska Highway approximately 17km apart but 
are often considered as one community/region (NCE 2013a). Burwash Landing/Destruction Bay 
lies on the outskirts of Kluane National Park which plays a significant role in climate and 
lifestyle in the area. Kluane National Park is located in the St Elias Mountain Range, which as 
previously noted, played a significant role in historical ice ages.  
 
Figure 4.1: Location of Burwash Landing & Destruction Bay, Yukon.  
The communities are situated between the Alaska Highway and Kluane Lake and are 
approximately 17 kilometers apart. 
Source: NCE 2013a, 2 
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4.2.1 History and Development 
 
Burwash Landing has acted as the KFN administrative hub since the early 1900s and 
Destruction Bay was established as a construction camp for highway maintenance in the 1940s 
(NCE 2013a; Destruction Bay n.d.). Burwash Landing was named after Lachlin Burwash, who 
was a mining recorder (Yukon Government 2002). Destruction Bay was given the name in 1942 
after a tremendous storm hit the community (Yukon Government 2002). In current times, the 
major employment sectors are seasonal operations, highway maintenance camps, education 
centres, health centres, KFN administration, and many residents rely on a traditional subsistence 
economy (NCE 2013a).  
KFN has been self-governing for approximately 13 years and “signed Final and Self-
Government agreements that came into effect in February 2004, establishing a governance 
structure through its Constitution” (NCE 2013a, 2). The population of Burwash Landing, as of 
March 31, 2018, was 109 and Destruction Bay was 52 (Yukon Government 2018a). Employment 
revolves around the KFN administration with additional seasonal employment for tourism. 
Residents rely heavily on the land for food and culture. BLDB is approximately 260km west 
of Whitehorse and has year-round road access which is significant in terms of accessibility 
(Distance Between Cities n.d.). Although road accessibility is considered a major benefit, given 
the location, the Alaska Highway in this region is prone to closures due to ice conditions and 
landslide threats due to the presence of outflow debris fans in the St Elias Mountain front ranges 
above the Alaska Highway. Within 100km of the community, there are multiple outflow fans for 
landslide debris, which are shown in Figure 4.2. 
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Figure 4.2: Alluvial Fans surrounding Burwash Landing & Destruction Bay.  
These alluvial fans were created by outflows from St Elias Mountains. These outflows pose risk 
to the communities via damage to the Alaska Highway. 
Source: NCE 2013a, 24 
 
4.2.2 Climate & Observed Changes 
 
Burwash Landing/Destruction Bay is classified as having a continental climate, which is 
characterized by long, cold winters and short, mild summers (Figure 4.3) (NCE 2013a). 
Compared to other northern communities, Burwash Landing and Destruction Bay experience a 
narrower range in temperatures due to elevation and proximity to the St. Elias mountain range 
(NCE 2013a).  
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Figure 4.3: Monthly Climatic Norms for Burwash Landing & Destruction Bay (1961 - 1990).  
This image shows the annual patterns of rain, snow, precipitation and temperature. Rather than 
having different graphs for each, this version allows all trends to be viewed together. It is easier 
to see the separation in seasons. 
Source: NCE 2013a 
 
4.2.3 Landscape 
 
Burwash Landing/Destruction Bay are nestled between Kluane Lake and Kluane National 
Park in southwest Yukon (Figure 4.1). Specifically, the communities lie within the Shakwak 
Trench, which is a large physiographic region. The Shakwak Trench runs in a northwest 
direction, spanning 65 km in length, and is known to experience more landslides than other 
regions in the Yukon (NCE 2013a). The landscape in this region was influenced by repeated 
cycles of glaciation and is currently influenced by a combination of fluvial, eolian and 
permafrost processes (NCE 2013a). A unique characteristic of the region is the earthquake 
activity. The community of Burwash Landing and Destruction Bay experiences many 
earthquakes due to the proximity to the Denali Fault which is shown in Figure 4.4. While climate 
change and earthquakes are not directly connected, earthquakes have the potential to increase 
risks initially presented by climate change. For example, climate change is causing permafrost to 
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thaw in Yukon, which leads to unstable terrain and when an earthquake shakes the region, that 
unstable ground has the potential to release and put the community at greater risk (NCE 2013a). 
 
Figure 4.4: Earthquakes in Southwest Yukon (1987 - 2009).  
The Kluane Region is highly vulnerable to earthquakes due to the positioning of the Denali Fault 
(seen in black dots). All the colored dots represent earthquakes of different magnitudes, 
demonstrating just how much the region experiences these events. 
Source: Yukon Government (http://www.geology.gov.yk.ca/earthquakes.html) 
 
4.2.4 Hydrology 
 
Burwash Landing/Destruction Bay are situated along the shores of Kluane Lake, which 
holds significant cultural value to the KFN. Kluane Lake receives input mainly from the 
Kaskawulsh Glacier vis the Slims valley. However, in recent years the Kaskawulsh Glacier has 
retreated to the point that the river flow no longer feeds into Kluane Lake (Weikle 2017). This 
has been noted as a topic of concern for the communities which rely on Kluane Lake for food 
and cultural practices. Changes in the depth of the lake have already occurred, resulting in 
numerous media articles and attention in the region. Currently, the lake levels have dropped 
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enough that the government run boat launch is no longer usable. In fact, the lake levels initially 
dropped 1.7m and have never recovered (Ormiston, 2018). In addition to changes in inflow to 
Kluane Lake, the region has significantly less precipitation than other areas of the Yukon (NCE 
2013a). This is caused by the rain shadow effect the mountainous Kluane National Park (NCE 
2013a).   
 
4.2.5 Permafrost 
 
Permafrost extent for Burwash Landing/Destruction Bay is classified as extensive 
discontinuous, meaning the extent of permafrost ranges between 50-90% (Lewkowicz, 
Etzelmüller & Smith 2011). The permafrost extent for the communities and surrounding area can 
be seen in Figure 4.5.  
  
 
Figure 4.5: Permafrost Extent for Burwash Landing & Destruction Bay, Yukon.  
The communities of Burwash Landing and Destruction Bay lie within the extensive 
discontinuous permafrost zone. However, it is notable that the surrounding areas have a 
significant amount of continuous permafrost. 
Source: Bonnaventure & Lewkowicz 2012 
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Various factors come into play to determine the specific permafrost coverage. Surface 
temperature is the dominant factor for determining permafrost extent (Lewkowicz, Etzelmüller & 
Smith 2011; NCE 2013a). Other factors include snow coverage and depth, infrastructure and 
landscape disturbances (NCE 2013a). Existing landscape features can also play a role in 
permafrost vulnerability and stability (NCE, 2013a).  
 
4.2.6 Hazard Maps & Relevant Reports 
 
As previously mentioned, the Northern Climate ExChange began the hazard mapping 
project for Burwash Landing/Destruction Bay. Details on how the map was developed and how 
communities were chosen was previously discussed in Chapter 2. Along with the hazard map, 
the NCE developed the Burwash Landing and Destruction Bay Landscape Hazards: Geological 
Mapping for Climate Change Adaptation Planning Report (NCE 2013a), which aims to educate 
the public and assist in future planning for the community. Figure 4.6 displays the hazard map 
for Burwash Landing and Destruction Bay. The map shows three colors: red, orange and yellow. 
The specific classification breakdown is shown in Figure 4.7. This document highlights the 
importance and sensitivity of permafrost. This is the primary advisory report used in the 
community for assessing risk and hazard. The report suggests that permafrost is central and 
dominant to impacts including flooding and mass landscape movement.  
It has been noted that the hazard maps developed by the NCE are dominantly focused on 
permafrost thaw and soil degradation. However, there are many other hazards faced by the 
community. For BLDB specifically, fire and flood are two major concerns that are not taken into 
consideration with these maps. That being said, there are maps for these hazards available, so it 
is not that those hazards have not been researched or considered at all.  
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Figure 4.6 Burwash Landing and Destruction Bay Hazard Map. 
The image displays the different hazard levels, community locations and polygon numbers. The 
legend for the map is explained in Figure 4.7. These numbers and designations are further 
explained online. 
Source: NCE 2013 
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Figure 4.7: Hazard Map Classification System for Yukon Hazard Maps.  
The maps are color coded according to this classification. The maps have a combination of the 
four colors to demonstrate the permafrost degradation risk. 
Source: NCE 2013 
 
4.3 Case Study Two: Old Crow, Yukon 
 
The community of Old Crow is located in the north-central part of the Yukon (67.57°N, 
139.84°W) and is home to the Vuntut Gwitchin First Nation (Figure 4.8). The community is 
situated at the convergence of the Old Crow and Porcupine Rivers and is the most northerly 
community in the Yukon (NCE 2016; Berman et al 2004). Old Crow is one of few Yukon 
communities with no road access, only accessible by plane or occasionally boat (NCE 2016; 
Douglas et al 2014). While the Vuntut Gwitchin First Nation Traditional Territory spans across 
Alaska, Yukon and NWT, Old Crow is their only community in Yukon (NCE 2016; Douglas et 
al 2014). Old Crow is located approximately 128km north of the Arctic Circle and 800km north 
of Whitehorse, Yukon and lies on the Old Crow Flats (wetlands), which play a significant role in 
the ecosystems and lifestyle in the area. 
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Figure 4.8: Location of Old Crow, Yukon.  
Old Crow is located in the north central region of the territory, is the only fly in community in 
the territory, experiences significant levels of isolation and a unique set of challenges due to this. 
Source: NCE 2016 
 
4.3.1 History and Settlement 
 
Before Old Crow was a settled community, it was a trading post established by the Hudson’s 
Bay Company (NCE 2016). Slowly, people of the region began to settle around Rampart House, 
establishing the community of Old Crow in the 1950s (NCE 2016). The people in this region rely 
heavily on the land for survival and evidence suggests that people were living here at least 
12,000 years ago (NCE 2016). One of the most dominant characteristics of this community is 
that the people who live there rely heavily on the porcupine caribou herd for food and clothing 
sources (NCE 2016; Douglas et al 2014; Berman et al 2004). Their main food source is caribou 
from the Porcupine Caribou Herd, which is under threat from climate change and resource 
extraction (Douglas et al 2014). Aside from caribou, those living in Old Crow also rely on 
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annual salmon runs to feed their community and as with the caribou, salmon are facing threats 
from climate change and resource extraction (Douglas et al 2014). 
The economy of Old Crow is considered mixed; as such a typical household has one person 
working in a wage-based job (Berman et al 2004; Douglas et al 2014). The subsistence economy 
in Old Crow is critical for the long-term survival of those who lives there (Vuntut Gwitchin First 
Nation 2009). The Vuntut Gwitchin First Nation was one of the first self-governing First Nations 
in the Yukon -- they signed their land claim in 1993 which came into effect in 1995 (NCE 2016; 
Douglas et al 2014). As of March 2017, the population of Old Crow was 252 (Yukon 
Government 2017); the majority of which identify as Aboriginal (Government of Yukon n.d.b; 
Statistics Canada 2017). The population has remained relatively stable due to the lack of access 
(Statistics Canada 2013). The Vuntut Gwitchin First Nation Government employs the majority of 
residents with people working in public administration, construction, retail, trade and 
transportation and education (NCE 2016).  
 
4.3.2 Climate & Observed Changes 
 
Latitude and solar radiation are the two controlling factors for climate conditions in Old 
Crow and although daylight hours differ from southern Yukon communities, Old Crow also has 
a sub-arctic climate (NCE 2016). Like many other communities within northern Canada, winters 
are long, cold and dark and summers are short, warm and bright (NCE 2016). However, this 
community is one of few in the Yukon that experiences the full 24-hour daylight and darkness 
for about two weeks in the summer and winter respectively (NCE 2016). The warmest month is 
July with an average temperature of 14.6C and the coldest is January with an average 
temperature of -29.2C (NCE 2016) with monthly temperatures shown in Figure 4.9. 
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Figure 4.9: Monthly Climate Normals for Old Crow, YT (1981-2010).  
This image shows the annual patterns of rain, snow, precipitation and temperature. Rather than 
having different graphs for each, this version allows all trends to be viewed together. It is easier 
to see the separation in seasons. 
Source: NCE 2016 
 
4.3.3 Landscape 
 
The community of Old Crow is located within the Old Crow Basin Ecoregion with lakes 
being the dominant landscape feature (NCE 2016). The Old Crow landscape is unique in that 
during the last ice age, the region remained unglaciated and experienced extreme weathering 
(NCE 2016). In addition to having a unique visible landscape, Old Crow is geographically 
situated within Canada’s continuous permafrost zone (NCE 2016). The region surrounding the 
community, mostly the bluffs on the southern road have a moderately high or high-risk 
classification (NCE 2016) and in previous years, this landscape has produced landslides that 
have threatened not only other ecological areas but also human life. Terrain stability has been 
noted as one of the most concerning threats for Old Crow (NCE 2016). Old Crow is the only 
community in the Yukon that is located in the continuous permafrost zone and puts the 
community in a unique position as the landscape responds differently to changes.  
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4.3.4 Hydrology 
 
Changes in the hydrological cycle can happen on a variety of scales and threaten many 
aspects of life in northern Canada. When amounts or timing of precipitation events stray from the 
norms, there can be significant impacts on the hydrological cycle. The Porcupine and Old Crow 
rivers are the main water sources surrounding the community (NCE 2016). Despite being 
situated on a major river, in a “normal” year, the community of Old Crow has a relatively low 
flood risk (Figure 4.10). This is due in part to the natural flow of water through the watershed 
and that the community lies above the floodplain (NCE 2016). However, “normal” years are 
becoming less common, as changes in precipitation patterns throughout the year are resulting in 
changes to the landscape that contribute to flood risk in the community. Examples of this would 
be land and lake instability, and erosion, undercutting and landslides (NCE 2016). In addition to 
precipitation patterns changing, the unpredictability of weather that accompanies climate change 
poses a threat to coping with events out of the “normal” (NCE 2016). While much of the 
community itself has a low flood risk, the surrounding landscape, specifically the cliff face that 
runs along the northwest side of the community poses more of a threat as mentioned previously.  
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Figure 4.10: Predicted Flood Levels for Old Crow.  
This image demonstrates which areas of the Old Crow area are vulnerable to flooding via the 
Porcupine and Old Crow rivers. Much of the community is red, meaning the flood risk is very 
high, and if a flood were to occur the damage to the community would be extensive and very 
serious.  Source: NCE 2016 
 
4.3.5 Permafrost 
 
The community of Old Crow faces many challenges relating to permafrost due to their 
position within the continuous permafrost zone. Permafrost underlies the entire community and 
surrounding landscape so any changes in precipitation and drainage can saturate or dry out areas 
leading to impacts on the community (NCE 2016). Impacts of concern are landslides, sheetwash 
and thermokarst erosion and these impacts can be exacerbated by water flowing downslope 
(NCE 2016). And as previously mentioned, alterations to the stability of the terrain is a major 
concern for Old Crow (NCE 2016). 
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4.3.6 Hazard Maps & Relevant Reports 
 
The hazard map and accompanying report produced by the NCE were completed in 2016. 
The map is shown in Figure 4.11. The map is accompanied by a report titled Old Crow 
landscape hazards Geoscience mapping for climate change adaptation planning (NCE 2016), 
which aims to educate the public and assist in future planning activities for the community. 
Overall, this report highlights how climate change may impact ground stability and permafrost 
extent throughout the community and immediate surrounding area. This work is considered a 
solid foundation for those who wish to conduct research on terrain stability and/or permafrost in 
Old Crow.  
In addition to permafrost, the community of Old Crow faces a number of other natural 
hazards including but not limited to fire and flooding. These are very real hazards for the 
community as their infrastructure is situated along a major river and the land surrounding the 
community is due to have a fire. Like BLDB, there are maps available for these hazards and 
those in the community who need to know are aware of the risk. Although both communities are 
at risk for fire and flood, the situation in Old Crow may be more dire due to the significant 
isolation from evacuation routes and larger urban centres.  
  
 69 
 
 
 
Figure 4.11: Old Crow Hazard Map.  
The legend for the map is as follows: yellow is moderate risk of permafrost degradation, orange 
is moderate to high risk of permafrost degradation, and red is moderate to high risk of permafrost 
degradation. The community is the green oval space tucked between the line of red and the river 
path. This image is cropped for quality and more information regarding methods, limitations, and 
classifications are found online 
Source: NCE 2016 
 
The report goes into further detail on landslide, debris fall and active layer detachment risk 
for the community. As previously noted, the community itself has a relatively low risk but the 
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areas surrounding the community are high risk. The report highlights one specific year where 
landslides were occurring very close to community infrastructure. This was 2010 and the 
landslides were caused by greater than normal rainfall, out of the norms (NCE 2016). Over the 
course of one summer, a total of seven landslide events occurred in the immediate area 
surrounding the community; one of which ended up 40 meters from a community member’s 
home. This slide is known in the community as Rosalie’s slide (Figure 4.12). 
 
Figure 4.12: Rosalie’s Slide, Old Crow, August 2010.  
This image provides a visual to demonstrate just how close this slide was to impacting the 
physical infrastructure in the community. 
Source: NCE 2016 
 
Based on existing literature, the main threats to the community of Old Crow are changing 
permafrost and subsequent terrain stability concerns. Changing hydrological patterns and 
thawing of permafrost can impact terrain stability by altering the soil moisture content and 
surface runoff (NCE 2016).  
 
 
4.4 Chapter Summary 
 
The communities of Burwash Landing/Destruction Bay and Old Crow have significant 
differences when it comes to demographics, accessibility, capacity and climate hazards. These 
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two communities demonstrate the variety of barriers in developing and using hazard maps in 
climate change adaptation planning. But while they are different in many ways, there are 
similarities in which solutions may be shared. Both communities face challenges with hydrology 
and permafrost; which is most dominant in the existing literature.  
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5 Results 
 
As previously mentioned, the purpose of the interview questions was to generate and 
encourage discussion regarding the use of hazard maps in climate change adaptation planning. 
Therefore, the interview was divided into three sections; climate change, hazard mapping and 
recommendations (see Appendix 2). The first three questions aimed to identify the perceived 
major hazards, risks and overall attitude towards climate change adaptation. The second three 
questions aimed to demonstrate general knowledge of hazard maps and how they have been used 
in the respective communities. The final four questions related to recommendations and steps 
moving forward for governments, organizations and communities. The questions are broken 
down by major themes: climate change, hazard maps and moving forward. The chapter was 
organized this way as this was the natural flow of the conversations. First, the participants spoke 
about their situations. Next, we would have a discussion about hazard mapping and the 
community maps in specific. Lastly, we would discuss the next steps for moving forward.  
While the two communities shared some responses and outlooks on the situation, there were 
a few differences. Community priorities were the main difference. For example, when asked the 
first question, the most common response from BLDB was slightly different from Old Crow. 
This was a relatively common theme for most questions.  
In order to ensure that the identities of research participants remain confidential, the 
following analysis considers the responses as a whole rather than separated by community. 
However, within some of the question analysis, major differences are discussed and explored 
where necessary. Not all the questions yielded different responses, in fact, for a few of the 
questions the responses were similar.  
 
 73 
5.1 Climate Change Impacts 
 
Within the interviews, there were three questions that related to climate change impacts. In 
general, these questions were chosen to highlight those that the community feels are the biggest 
threats and most significant observed changes. These responses form a basis for the comparison 
between observed and predicted threats in the community. The questions were as follows: 
1. What natural hazards are of biggest concern for your community? Why? 
2. How might changes in the physical environment impact the community? 
3. How have issues around climate change adaptation been discussed/considered in 
your community? 
 
Question 1: What natural hazards are of biggest concern for your community? Why? 
 
The first question was designed to be an open-ended question to encourage the start of a 
discussion. Additionally, this question acts as a foundation on which the rest of the interview 
questions build. Having the interviewees identify the risks in the community allows for a 
comparison to the risks identified by the hazard map. There was a wide range of risks identified 
(Table 5.1); many participants highlighted multiple risks for their communities, but permafrost 
thaw and flood risk were the two biggest hazards for the participants. Of the eleven participants, 
eight highlighted concerns regarding permafrost and five indicated concerns for flooding. 
Table 5.1: Question One Themes 
 
Natural Hazard  Mentions 
Permafrost Thaw 8 
Flooding 5 
Fire 3 
Terrain Stability 3 
Landslides 3 
Hydrological Changes 2 
Access 2 
Extreme Weather 1 
Weather Variability 1 
Earthquakes 1 
Climate 1 
Avalanches 1 
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Erosion 1 
Wildlife Patterns 1 
 
While permafrost thaw on its own is a major concern, the cumulative impacts of permafrost 
thaw are far more concerning. Thawing permafrost can significantly amplify climate change 
impacts such as flooding, fire and terrain stability while also amplifying natural hazards impacts 
from avalanches and earthquakes. From a community safety perspective, infrastructure 
instability and landslides pose a significant threat to the overall health and safety of a 
community. 
One of the cumulative impacts that stems from permafrost thaw is landslides. While 
participants from both communities mentioned landslides as a concern, the situation in Old Crow 
is much more urgent. Three of the four or 75% of participants indicated that landslides were the 
biggest concern. This response could be attributed to a large landslide that occurred in 2013 on 
the north end of town (details in Chapter 4). While landslides are a risk to the community, there 
is a level of understanding required with the 2013 slide; it was a combination of two specific 
events that led to the slide. Participant FN4 explained the reasoning for the slide. First, the 
community had been fire smarting the area and secondly, the community experienced a wetter 
than normal summer. When the area had undergone fire smarting, the ground was exposed to 
heat and caused the top levels of permafrost to thaw which led to unstable ground. The abnormal 
amount of precipitation then saturated the thawed and unstable ground creating a weak spot. It 
was the weak spot that gave way and the landslide occurred. After the discovery was made that 
fire smarting contributed to the slide, the community decided that they should not continue fire 
smarting the bluff behind the community. Regardless, the bluffs behind the community are 
extreme risk for the community and the threat of a slide is real for community members.  
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“The sliding…  we have some houses right under the hills and my fear is a big slide will knock 
over a house or god forbid, kill someone” FN5 
 
The interview responses indicate that permafrost thaw is not only a future threat, but a 
current one as well. As previously mentioned, Old Crow is situated completely within the 
continuous permafrost zone and the community has already experienced changes to permafrost 
both within the community and on their traditional hunting lands. Participants expressed concern 
for both infrastructure (new and old) on the landscape with respect to permafrost thaw. It became 
clear very quickly that the effects of thawing permafrost in the region are extensive and impact 
the community of Old Crow in various ways. One of the most notable issues with permafrost in 
the community involves the airport. As Old Crow is a fly-in community, the landing strip at the 
airport is crucial. The threat of permafrost thaw has been so significant, they have had to take 
actions in their own hands to attempt adaptation efforts.  
“Being around permafrost, living and working with it, and observing we know that the airport 
and we know now that gravel is an enemy. The current information for engineers is to put four 
feet of gravel on top of permafrost to protect to create a thermo break. Gravel absorbs the water 
and goes into the permafrost. A lot of times, people turn to technology to solve issues around 
permafrost, we look to nature.” FN4 
 
Compared to Old Crow, BLDB participants had different concerns when it came to 
permafrost thaw. Infrastructure is a major concern for northern communities, even without the 
threat of climate change. Interviews revealed concern for infrastructure and loss of property. 
Infrastructure in BLDB has already experienced impacts from permafrost thaw.  
“In the last 10 years, a crack has emerged in the office wall. When the forest fire went through, 
our house was one of the ones that went down and when we rebuilt, the ground was 
compromised and is sinking” FN2 
 
Next to permafrost thaw, hydrological changes as a broad topic were mentioned by 
participants. Hydrological impacts include flooding, precipitation patterns, outflow patterns and 
schedules. This was a topic where the two case studies had notable differences and specific 
 76 
issues. Participants in BLDB had substantial concerns regarding the Kaskawulsh Glacier and its 
impacts on the larger hydrological cycle. As previously mentioned, in recent years the 
Kaskawulsh Glacier has receded to the point that the outflow no longer flows into Kluane Lake. 
As with the permafrost thaw, this impact has a domino effect on the landscape in the region. 
Since there is no longer a glacial meltwater flow into Kluane Lake, there is a section of dry 
riverbed prone to dust storms and the water level in the lake has also dropped significantly. 
These impacts can alter the delicate ecosystems in the region and the communities that rely on 
those ecosystems for survival. Participants in BLDB discussed concerns around how the 
receding glacier has impacted the aquatic ecosystem in the lake. This is concerning because 
many people that inhabit the region rely on the resources from Kluane Lake for food and cultural 
practices.  
Access to resources was also mentioned by several participants from both communities, 
which includes concern about personal safety out on the land. It was mentioned that the river ice 
is becoming more unpredictable. For example, FN4 shared a story where an air pocket formed in 
the river ice due to a sharp change in temperature, and later in the winter an individual almost 
fell into the air pocket; had this not occurred on the section of water beside the community the 
outcome may have been worse. Climate change is impacting how the community accesses the 
land and traditional resources.  
“Also, long term access. Climate change is impeding access to resources to get wood, hunt or 
fish it has become more dangerous but also just not accessible” FN6 
 
From a broader perspective, question one yielded a wider variety of responses compared to 
community level responses, which is to be expected. Government and research organization 
participants identified permafrost, flooding and fire as the major hazards for Yukon 
communities. It was also these participants who were the only ones to mention extreme weather, 
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weather variability, earthquakes, avalanches and overall climate. Some of these topics occur 
regardless of the planet warming, but the warming can drastically increase risk. Earthquakes are 
a good example of this: they occur separately from climate, but warmer temperatures and 
thawing permafrost can increase the risk from an earthquake.  
This group of participants identified the broader and larger-scale impacts in comparison to 
the community participants; however, this is no surprise. While it is critical to understand the 
broad picture in terms of climate impacts, from a community-level perspective the more specific 
events need to be further understood and explored.  
 
Question 2: How might changes in the physical environment impact your community? 
 
The second question builds off the first and aims to connect hazards with community-level 
impacts (Table 5.2). The discussions were heavily focused on lifestyle changes and wildlife 
impacts. The most dominant response was related to traditional lifestyle changes. This 
encompassed various responses such as access to resources (including migrating and stationary 
species), access to transportation routes (both on highways and the land), and personal safety 
while travelling. Traditional lifestyles are impacted both directly and indirectly by climate 
change. Because of the heavy reliance on the environment for survival, virtually every climate 
change impact will also impact traditional lifestyles.  
“Sometimes one hazard can lead to another which is what is happening in BC. BC is facing the 
impacts of flooding due to fires last year.” TG3 
 
Table 5.2: Question Two Themes 
 
Key Themes Mentions 
Access  8 
Species Alterations 5 
Personal Safety 3 
Loss of Property 2 
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Compounding Hazards 2 
Work/Cost Required to Deal with Changes 2 
Changes to Planning Procedures 1 
Capacity Challenges 1 
Health Impacts from Fire Events 1 
Unpredictability 1 
 
While inhabitants can adapt to some changes, some present a real threat to life. Access is an 
example of both: people can adapt to some of the changes in access, but other times, the 
instability and unpredictability of the climate and landscape can take a life.  
“Many communities have populations who engage in subsistence lifestyles or engage in hunting, 
fishing or other activities on the land that are a strong part of their culture. And I think climate 
change and natural hazards may have an impact on their ability to engage in those activities 
either through availability of wildlife, flora or fauna that may be impact by climate change and 
also their ability to access some areas they would engage in these activities.” TG1 
 
Access was one of the most mentioned topics throughout the interviews and in each 
interview group. Within the topic of access, there were conversations about access to resources 
(wildlife, plant species, traditional areas), transportation route impacts (major roadways and 
traditional land), and personal safety while accessing these resources and routes.  
All participants were concerned about the wildlife impacts on some level. It had been noted 
by one of the participants that wildlife is intertwined with the concept of combining hazards. 
Residents of both communities heavily rely on the wildlife and plant species for survival so 
naturally, any impact to ecosystems has the potential to seriously impact those communities. One 
of the differences between the communities has to do with location. Due to the level of isolation, 
residents of Old Crow have less access to store foods when wildlife is not sufficient. In 
comparison, communities located near major cities, such as Whitehorse, or along a major 
transportation route, such as the Alaska Highway, have a lower level of isolation and therefore 
more resources to help with adaptation.  
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Wildlife impacts are broad and numerous. One of the most common impacts is how 
migration patterns and species ranges will change. Participants from both communities 
highlighted this. BLDB, being situated along the perimeter of Kluane National Park, has a 
sensitive ecosystem that has already undergone significant changes. Two participants in BLDB 
mentioned the movement of sheep in the area and how they are starting to move down the 
mountains more. A notable response for this topic was that Old Crow participants did not discuss 
changing migrations the same way that BLDB participants did. This is interesting because one of 
the major food sources for residents is caribou, who have become extremely threatened by 
climate change (Scott 2018). However, it appears in the context of climate change impacts on the 
community, the landscape itself (which includes safety, permafrost) was more of a concern.  
Reliable winter transportation routes were discussed numerous times. The level of isolation 
plays a dominant role in winter transportation routes. Major highways, such as the Alaska 
Highway, are relatively stable year-round give or take a few icy and snowy days. But when a 
community does not have year-round road access, the temporary routes are crucial for survival. 
These temporary routes include ATV trails, walking trails, water crossings, and winter roads. 
Cold temperatures and appropriate snow levels are necessary for these transportation routes to 
form and remain stable for the winter. Concern comes from the fact that both temperature and 
precipitation patterns are changing in the Yukon and the routes are no longer predictable or 
stable all winter. This is where the topic of personal safety comes up. Due to the changing 
temperatures, freeze-thaw cycles are becoming more common. This is when the temperature 
drops below freezing and water bodies begin the process of freezing, but before it is complete the 
temperature rises again. 
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“This warm weather is travelling on the country. It is a lot different than travelling when I grew 
up; you were cold and sure, and you were safe but now there are air holes on the river, and it is 
a constant worry when people go out.” FN5 
 
Winter transportation routes being negatively impacted leads to other impacts within the 
community. Personal safety is the obvious impact, and there are health-related impacts (both 
physical and mental). Being able to go on the land and practice a traditional lifestyle contributes 
to good physical and mental health and losing this activity will have a significant impact on 
community members. This would push community members to purchase food items from the 
grocery store, which is notoriously expensive, unsustainable and unhealthy. A heavy reliance on 
store bought food can have serious physical health impacts for these communities where people 
are used to living off the land. The ability to practice a subsistence lifestyle can impact mental 
health as well. Because of the strong connections to the land and environment, a loss of this 
connection could impact mental health through a loss of culture and lifestyle.  
In addition to these transportation routes, transportation infrastructure within the community 
must be considered. This is a significant difference for the two case studies. Isolation appeared to 
play a significant role in the level of discussion around transportation routes. For the community 
of Old Crow, the airport is a crucial component of life as all goods must be flown in, so any 
damage to the airport landing strip can seriously impact the community. In fact, the Old Crow 
airport has already experienced impacts from thawing permafrost and the community has had to 
act quickly to prevent a domino effect. Not only did interviewees in Old Crow discuss the airport 
as a major transportation resource, participants also highlighted traditional transportation routes.  
Capacity for residents to both manage and adapt was a topic that came up often when 
discussing adaptation in northern communities. This may be due to the fact that the communities 
are small and isolated. Capacity is also tied into finances. These communities may not have the 
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human capacity to manage impacts or the financial stability to mitigate risk or damage to 
community infrastructure.  
The last topic that was brought up by interviewees from government organizations was the 
financial burden of climate change. The cost of climate change has become apparent over the 
past few years with numerous climate hazards globally such as flooding, fire, hurricanes, and 
heat waves. The cost of rebuilding infrastructure due to emerging hazards on permafrost was 
noted as a concern. 
 
Question Three: How have issues around climate change adaptation been 
discussed/considered in your community? 
 
Question three was designed to have participants think about how often the topic of climate 
change is discussed in their work and everyday lives. Unsurprisingly, all participants indicated 
that climate change adaptation is discussed commonly within the community (hence why there 
was no table to display the key themes). Question three aimed to have participants think actively 
how often climate change adaptation is discussed in their community. The majority of 
participants identified it as a topic that is discussed commonly at work, as the majority of 
participants work in the field of environment, government services, land management or 
research.  
“Climate change adaptation is a term that gets thrown around a lot in government and thought 
about and reported on and talked about” TG2 
 
TG2 identified one department that was actively working on climate change adaptation, but 
the actions being taken were only being taken because of money meaning that climate change 
impacts are becoming more expensive and therefore actions were being taken to prevent 
financial burden. Climate change has begun to take a financial toll on northern communities. 
Adaptation is occurring, not because of direct concern with climate change, but because impacts 
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like permafrost thaw are damaging infrastructure which costs more money to mitigate. This type 
of action will only continue as climate change takes more of a toll on the land, our infrastructure 
and traditional ways of life. Living in northern Canada will only become more and more 
expensive.  
“They [government] aren’t doing it under a guise of trying to be forward thinking or embracing 
climate change. They are doing it because it means millions and millions of dollars to their 
bottom line.” TG2 
 
While conversations around climate change are occurring more frequently now than they 
were ten years ago, one participant felt that steps to address climate change are lacking. This was 
also echoed by participant FN4, who felt that governments are spending too much time and 
money on research rather than action.  
“We have been dealing with climate change and we have made adaptations in the community 
while the government is still studying it” FN4 
 
While a few participants acknowledged that climate change has been a conversation topic 
for many years, only recently has it become front page news and common conversation. One of 
the ways the conversation is changing in the north is the medium in which communication is 
occurring.  
“In smaller municipalities and FN communities, there are lots of conversations around 
vulnerability. One of the big ways is with Elders talking about changes they see on the land and 
youth being connected through video stories. I see lots of products like that that spur 
conversation” RO1 
 
Other participants felt that the presence of climate change in conversation varied from 
region to region. Some communities have been discussing climate change and the associated 
impacts for many years and not only are the conversations occurring, but actions are being taken. 
For example, Burwash Landing residents have been talking about climate change for at least 20 
years which marks the development of the biomass plant. Old Crow has faced a similar situation 
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with permafrost thaw. When problems first occurred, the community immediately took action to 
protect the infrastructure, specifically the airport. In Old Crow, one participant highlighted that 
the community has been discussing adaptations for many years, just not in the context of climate 
change.  
“It does not come up in terms of adaptation, it comes up in that people are finding new ways to 
get to the resources they need. They have always had to adapt to the landscape” FN6 
 
For this group, climate change adaptation is a regular part of their work. Not only is it a 
regular topic, but one that seems to be coming up more and more.  
 
5.2 Hazard Mapping 
 
The next set of questions was designed to determine what if any amount of knowledge or 
experience using the hazard map existed within the community. The responses illustrate a strong 
image of how this research tool is used, if at all. The questions were as follows: 
4. What are the challenges around integrating findings from hazard maps into community 
adaptation? 
5. What do you think the most valuable piece of information/take home message is on a 
hazard map? Why?  
6. What are the challenges around making the information both available and 
understandable for the public? 
 
Question Four: What are the challenges around integrating findings from hazard maps 
into community adaptation? 
 
The fourth question was designed to highlight the most dominant challenges for integrating 
hazard map findings in climate change adaptation planning. Education and accessibility were 
identified as the most dominant themes (Table 5.3).  
Table 5.3: Question Four Themes 
 
Key Themes Mentions 
Education 3 
Accessibility 3 
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Communication 2 
Capacity 2 
Presence 2 
Uncertainty 1 
Interpretation of stop light 1 
 
Education and accessibility were highlighted as the most common responses for all 
participants. Education was a large topic that throughout the discussion was broken down into 
two subtopics: initial education and continued education. One participant talked about the value 
of the hazard map but a lack of understanding from those who use it in a professional capacity 
and the need to incorporate education into the output. 
“The decision tool exists, but we do not know how to use it” FN2 
Although the concept of initial education seems simple, it is highly dependent on the 
community and capacity. One participant discussed the challenge of education in an isolated 
community, with a small government that is already struggling in terms of capacity.  
“The challenge is, educating the community and even educating our government. We are one 
department and down the hall? there is Government Services, who is doing community planning. 
They have experts on it and are communicating information to professionals and that can be a 
challenge too” FN3 
 
Participants in Old Crow were much more vocal about education challenges and 
opportunities throughout the interviews. While the Vuntut Gwitchin First Nation government has 
made significant strides to implement the hazard map findings into planning processes, 
consistent education throughout the government is difficult.  
“It is definitely in our planning now since that work. It is really tough for us to implement plans 
because we have so much work and not enough people, so we have to go on that. There could be 
a lot more work but it is tough to find people” FN3 
 
One of the interesting education-related responses involved the importance of educating 
without instilling fear. This was brought up by one participant in Old Crow and how education 
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plays a critical role in these types of projects. The conversation was focused on the unique set of 
conditions that led to Rosalies Slide in 2015, which was discussed in Chapter 4. 
“That slide was a result of unique conditions. This map created a lot of fear, the reality was 
actually a domino effect. We did fire smart, which is not too smart for us up here because it 
exposes the permafrost. That particular year, we had done fire smart and burnt up all the debris 
in the area. And adding a significant amount of precipitation, the land becomes unstable … A 
little bit of fear became lots of fear, but we have to have those particular conditions for that to 
happen again” FN2 
 
In this situation, proper education could have prevented the community fear. It was clear that 
the Rosalies slide occurred because of a unique combination of events. When residents look at 
the community hazard map, the sheer amount of red can cause people to jump to the conclusion 
that this type of slide is expected and normal. With proper education of the hazard map and 
previous events, the red on the map may not instill fear in the same way. 
Connected to the topic of education is the location and accessibility of the maps. Three 
participants brought up the importance of having the maps in the right places with the right 
people. The majority of participants agreed that paper copies of the map are useful for visuals on 
office walls but having the map layers available online and in existing mapping software 
products would increase their uptake significantly. Many people are not aware of the maps or 
what information they contain so having this information readily available could potentially 
increase their use in the communities.  
“Having a layer that can be easily overlaid for analysis” FN1 
 
“Would be beneficial if the hazard map was on the lands viewer (an online, mapping interface, 
including information for land use, transportation, flood risk, population), all in one place” FN3 
 
This was perhaps an outcome that needed to be discussed at the beginning of the project 
because the map layers are available but require some extra work to incorporate into existing 
mapping software products.  
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While most of the responses around having the maps in the right place focused on the 
website challenge, one participant brought the topic up in a different context. In Old Crow, there 
was a situation where slumping occurred on the ski lodge road from heavy equipment and ATV 
use that should not have been occurring in the area. Participant FN7 suggested that the hazard 
map be used in this situation to educate the public.  
“The challenge with this incident was communicating information with the people who needed to 
have it.” FN6 
 
“Educating the community and even educating our government and we are one department” 
FN5 
 
Capacity in terms of population and isolation is a topic that is discussed often in northern 
communities. In the case of Old Crow and Burwash Landing, many of the challenges discussed 
are similar. However, Old Crow has a slightly different situation from Burwash Landing. The 
community of Old Crow is situated in a unique environment and draws global attention in terms 
of climate change. Researchers tend to flock to the community and the government can become 
overwhelmed easily as the community only has a population of about 200. With so many 
researchers entering the community, it can be difficult to conduct their own research.  
“It is really tough for us to implement plans because we have so much work and not enough 
people, so we have to go on that. There could be a lot more work, but it is tough to find people.” 
FN5 
 
Having researcher presence in northern communities can be quite challenging due to 
isolation and funding. Most research projects have funding for a specific period of time and 
when that funding is done, it can be difficult to maintain presence. For this question, it was not 
necessarily the participants from Old Crow or Burwash Landing that expressed concerns and 
challenges for maintaining presence in the community, it was those who were involved in the 
research process. 
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“One of the challenges is just having people know that the maps are available. Projects 
presented to the community; often to the first nation or municipality. Often well received but not 
always remembered” RO1 
 
The significance of maintaining a presence has to do with the high turnover rates within the 
community governments. With high levels of turnover, it is easy for research to become lost or 
forgotten. It is important for those who developed the maps to maintain connections with the 
community members in order to ensure the research is being used when necessary. 
“It is great for the maps to be there but there needs to be someone to remind people they are 
there and show people how to use them when decisions are being made. Those of us in the 
science community who are producing these tools need to maintain presence.” TG3 
 
Uncertainty is a broad and challenging topic to discuss and explore and it was only 
mentioned once during this research by one of the participants who was involved in the 
development of the maps. It is well known and accepted that experts do not fully understand how 
climate change will impact communities in the north (Duerden 2001). This uncertainty creates 
challenges with integrating research into planning processes. In this context, the hazard maps are 
a good indicator, but by no means are predicting exactly how the land will change in the future. 
Communication is a challenge for many research projects all across the globe and was a 
topic that came up in two different interviews. While only one participant brought 
communication up directly, many of the other topics such as education and presence are closely 
tied to communication.  
“I think that communication of that information is important, it must be communicated in a way 
that is accessible to a broad range of people who work in different positions, especially in 
smaller communities where staff are doing a wide range of duties and may not have the specific 
training or expertise in one area but more of a jack or jane of all trades, but may not have the 
time.” TG1 
 
Question Five: What do you think is the most valuable piece of information/take home 
message is on a hazard map? Why? 
 
 88 
Question five aimed to highlight what each participant group found was the take home 
message on the hazard maps. Only four key themes were identified by the participants, resulting 
in the lowest range of responses (Table 5.4). The overwhelming response was that the hazard 
maps clearly highlight the red flags or areas of serious concern.  While the majority of 
participants (7/12) indicated that the maps highlighting red flags was the most valuable piece of 
information, there was variety in what “red flag” means.  
Table 5.4: Question Five Themes 
 
Key Themes Mentions 
Highlights Red Flags 7 
Easy to Interpret 2 
Good First Step 1 
Safe Areas for Development 2 
 
Participant TG1 indicated that the red areas required further consideration if it were to be 
developed. This could be due to permafrost or soil degradation. Participant TG3 echoed the same 
idea: that the red areas require furthered exploration and understanding.  
“The stoplight system of green, yellow, red gives an easy snapshot into what areas they need to 
give further consideration to.” TG1 
 
“Maybe it does not tell you what to do, but it tells you to think about it” TG3 
 
Whereas participant RO1 emphasized the red areas were not suitable for development and 
participant FN7 felt the same. The red areas are zones to steer clear of entirely.   
 “The information about the places to stay away from: especially those that are red” RO1 
 
“That (the red is a) no go area. I imagine along the bluffs, the potential for slumping, do not put 
houses here and seeing that on the map” FN7 
 
From the perspective of someone who was integral in the development of the maps,  
 
“They do not have to know why we coded a polygon the way we did, but what they need to know 
is red means caution (stop and think), yellow means some risk and green is go forward. 
(Depending on which community you are in, red means a lot of money on engineering, yellow 
means it could go either way and green means minimal)” TG2 
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Regardless of the exact meaning of each color, participants generally understood that the red 
zones were challenging and risky pieces of land. These are pieces of land that would be 
financially very difficult to both develop and maintain.  
Although participants tended to highlight the red flags on the map, two participants noted 
that the maps show zones that are safe for development as well. One participant felt that the 
maps should be used in the planning processes more because they can demonstrate where the 
safest zones are. The other participant who noted this, discussed the Old Crow hazard map.  
“And even build here: the downtown area, how much more solid it is and to focus on that” FN6 
 
Closely related to highlighting red flags, participants discussed how the maps are quite easy 
to interpret visually. The stop light colors are a common color scheme used to communicate 
whether or not to move forward.  
“I think the color-coding format is something that makes it easy and accessible and is easy to 
understand for a broad range of people” TG1 
 
“The stop light colors have been pretty successful because they are so easy to interpret” TG2 
 
“The most valuable piece of information for the hazard map is the stop light scenario” FN2  
 
Despite the hazard maps containing more specific information and data, participants 
generally agreed that the stop light colors were enough to provide the very basic information. 
Participants from all professional backgrounds were able to look at the maps and pick out the 
safe and unsafe areas. 
Participant TG2 described the maps as a good first pass for development. TG2 highlighted 
that these maps can be incredibly powerful tools for community development.  
“Our map provides a good first pass where they say okay, we have three sites and can look at 
them on the map and say okay two are in red and one is in green so let’s focus our energy on the 
green site. That is the main power of this tool, is for future infrastructure, for existing 
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infrastructure that ends up on a red polygon, there is not a lot you are going to do but when it 
comes time to replace that infrastructure you may think about moving it to a new site” TG2 
 
Overall, participants felt that the stop light coding was great for highlighting both the red 
flags and that areas safe for development. All participants, whether they rely on the maps for 
work or not, were able to obtain the basic information that the map intended to give.  
Question Six: What are the challenges around making the information both available and 
understandable for the public? 
 
Question six was designed to encourage participants to identify broad challenges with 
knowledge sharing in the north. This participant group identified two challenges with making 
technical information available and understandable for the public. 
Table 5.5: Question Six Themes 
 
Key Themes Mentions 
Information in the Right Place 3 
Consistent Renewal 2 
Awareness 2 
Education 2 
Embedding into all Processes 1 
Easy to Interpret 1 
 
One of the biggest challenges around making the information both available and 
understandable for the public has to do with the location of the research. In order for these maps 
to be effective over the long term, they must be in the right places, and that means both 
physically and online. The high turnover in community governments was highlighted as a 
challenge for ensuring the maps are on the desks of the right people. 
“There is turnover in governments that product gets lost” TG2 
“In terms of paper products in the community, the thing we struggle with is what we call “in 
reach”; how do we get these products into the hands of a land planner in another YG 
department or to the people who do community liaison in community services. How do we make 
these people familiar with the maps?” TG2 
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An interesting comment came from TG1, when we discussed the challenges. It was 
suggested that all landscape maps developed (for example, hazard maps, flood maps, fire maps) 
should be synthesized into one living document. This would be challenging but beneficial for 
users. 
Many research projects’ end dates are determined by the amount of funding received. The 
amount of funding often has an expiration date, which presents a challenge for projects to have 
consistent renewal and for researchers to continue working with the community.  
“There needs to be some renewal of products to make sure people know it exists and it is tricky 
because these projects tend to be linked to short term funding and when the funding is up it is 
difficult to find a pot of money to print more and redistribute and do additional media” TG2 
 
Another participant highlighted the importance of having continued presence and renewal in 
the community, but specifically they discussed the role that the public plays in the situation.  
“I want the information coming out on a regular basis. There are so many ways of 
communicating information and from time to time if the project was refreshed for the public, this 
would be great. This is a long-term piece of information” FN7 
 
However, educating the public on these hazard maps can be challenging because they were 
developed with professionals as the intended users, not the public.  
“It is partly making people aware that it is there; targeting specifically at communities. One of 
the challenges is they are not directly related to the general public” RO1 
 
Related to project renewal is the idea of awareness and education. Those who may use the 
maps in their professions, should be aware and educated on how the maps work and what 
information they contain.  
“Part of it is making sure that people know they are there, how they were created, their 
limitations etc.” RO1 
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Participants expressed concern about the technical reports and jargon on the maps 
themselves. This discussion was not limited to the hazard map report, but in fact was aimed at 
research dating back to the 1970s.  
“We have shelves and CD’s full of studies and even if you could read it, it is hard to understand, 
and we have to find a way to get what is important in there and get it out to our people” FN5 
 
This discussion highlighted that issues around ease of interpretation have been going on for 
many years: this is not a new issue but is one that continues to come up across all types of 
research. The quote above from participant FN5 does a good job at framing the issue and what is 
needed. Research needs to be communicated in a way that is beneficial for the communities as 
well as academia.  
 
5.3 Moving Forward/Next Steps 
 
After discussing climate change issues and hazard mapping in the communities, participants 
were asked four questions relating to recommendations. These questions aim to connect the first 
two sets of questions in order to develop recommendations for future projects. They are as 
follows; 
7. What opportunities exist for Yukon communities that have not successfully 
implemented hazard map findings into community-based adaptation? 
8. What steps should be taken in your community to improve the implementation of 
climate change strategies? 
9. Is a uniform process for improving these climate change adaptation strategies 
possible for the Yukon? If so, what type of support would be required? 
10. What role do governments, organizations, and communities currently have in the 
situation? Could this be improved? 
 
Question Seven: What opportunities exist for Yukon communities that have not 
successfully implemented hazard map findings into community-based adaptation? 
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Question seven was designed to have participants begin to think about the next steps and 
moving forward. This question was used as an introduction and avenue for further discussion 
about moving forward. 
Table 5.6: Question Seven Themes 
 
Key Themes Mentions 
Success Stories 3 
Long Term Savings 1 
Risk Awareness 1 
Building Partnerships & Relationships 1 
 
Before discussing and analyzing the responses for this question, one participant discussed 
the importance of defining success. This is so important because as the participant highlighted; 
“I think what I would challenge is what is successful implementation? I guess from my 
background, it is not like this is a checkbox: you do not successfully adapt and walk away” TG3  
 
“Successful adaptation means you have done what you need to do to achieve what you want to 
achieve” TG3 
 
Success can mean different things to each community. However, in the context of this 
research, “success” means having implemented at least one aspect of the hazard map and 
subsequent report into a planning process. An example of this comes from KFN, where a wind 
turbine was being installed and the map was used to determine the most appropriate location 
(Forrest 2016). Success is at least one instance where the research was used at some point.  
The most dominant response was around the topic of success. Many participants felt that the 
biggest opportunity are the success stories that emerged because of the hazard map and 
accompanying report. Sharing stories is one of the best ways to communicate success as well as 
lessons learned.  
“There’s certainly lots of examples of how the maps can be used advantageously for 
infrastructure like the wind turbine in Kluane” TG2 
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“For many communities, you do not even have to change the plan according to the plan, it will 
not change the way you build in the community, but it will make people feel more secure” TG2 
 
“For communities that aren’t incorporating it into their regular planning cycles, that is the 
biggest benefit for them; you have an informed community who knows” TG2 
 
One of the examples used during discussion was how the hazard map and report could be 
integrated into existing systems. While this hasn’t been done on a large scale, some communities 
have successfully integrated the information. Many participants highlighted the benefits that 
could accompany the incorporation of GIS map layers into an online system. These maps could 
be products that are relatively easily integrated into existing processes.  
“Dawson YESAB has used them, and so assessors who are pulling up data can see the map 
visually. Once they are there, they are more easily used.” RO1 
 
“What I found … where there is this threat of landslides, they mostly just wanted to know what 
the threat was, they wanted to be informed” TG2 
 
The conversation around the financial burden of climate change was mentioned very briefly 
and only by one participant. As the climate continues to change, the reality is that older 
infrastructure may not be equipped to handle the new climate. An example of this that is quite 
common in the north is permafrost. Roads and buildings that were built on continuous 
permafrost are being damaged by the thawing permafrost. Choosing the location for 
infrastructure based on the hazard map can be used as an example of an opportunity. Building 
infrastructure on land that is least affected by permafrost thaw (the green areas on the map) can 
result in long term savings for the community.   
“There is a distinct benefit that can be achieved by building structures and infrastructure, 
planning development in a way that will limit long term maintenance of expensive repairs in the 
future. I think this is also true when you have to spend more money up front. Something that 
appears cheaper at the beginning might actually cost more in the long term” TG1 
 
Even if the community does not fully integrate the findings from the hazard maps into the 
planning processes, having this type of research conducted can improve awareness for different 
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hazards. Sometimes the community just needs to be aware of the issues and challenges with 
certain parcels of land. The hazard maps have the potential to increase risk awareness in the 
community which could in turn improve the risk preparedness. Some of the risks are very 
difficult to avoid. For example, permafrost is a reality in the Yukon. Old Crow is underlain with 
continuous permafrost, so there are no pieces of land without permafrost. But being aware of 
which pieces of land present the most risk can allow for the community to be prepared and 
develop response plans.  
The opportunity to build partnerships and relationships is not specific to this one research 
project but it is important to highlight as a benefit. The hazard map project required multiple 
governments, organizations and individuals to work together. Having a project that requires so 
many stakeholders to participate can act as an avenue for other projects to be completed through 
partnerships and for relationships between stakeholders to begin and others to improve.  
Question Eight: What steps should be taken in your community to improve the 
implementation of climate change strategies? 
 
Question eight yielded twelve different responses and each suggestion could potentially be 
implemented in multiple communities through different organizations. The twelve responses can 
be categorized into four larger themes: community education, research, technological 
infrastructure and support. 
Table 5.7: Question Eight Responses 
 
Key Themes Mentions 
Improved and consistent education in communities 5 
Build climate change adaptation into larger processes, 
protocols and procedures 
2 
Creating more products that are useful enough that people 
want to use them 
2 
Having research products in the hands of those involved 
with development 
1 
Research strategies for different adaptation options 1 
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Develop a catalogue or database to house research 1 
Specialized approach for individual communities; no cookie 
cutter approach 
1 
Improved access to funding opportunities 1 
Improved monitoring efforts 1 
Improved understanding of landscape processes 1 
Incorporating research or activities that arise around base 
products like a hazard map 
1 
 
Community education and engagement emerged as the most dominant response throughout 
the interviews. Specifically, the topic was brought up five times throughout the interview 
process. Participants suggested improved and more consistent education and engagement within 
the communities on how to use the research products and reports.  
“The big government bodies like YC and YG, we can definitely make it part of our job to be 
educating communities continuously because there is always turnover. We can continue to 
educate communities about landscapes and hazards” TG2 
 
“Having a way of reminding and revisiting the tools that are available to a community” RO1 
 
“I think that we need to hold a meeting to make people aware of the hazard mapping report and 
review it as a community, so we know what this report contains, what climate change issues it 
covers and give solutions to rectify it” FN2 
 
Altering the traditional research outputs to better fit the community can have a drastic 
impact on how much research is used in planning and development. No matter how much 
continued education occurs in the communities, if the research products are not applicable or 
particularly useful for that community, the project will end up disintegrating. Two participants 
felt that this is something that could be done to improve the uptake of research products and tools 
into existing processes, protocols and procedures.  
“Putting products together so they are relevant” RO1 
“We find in Dawson where there is a lot of infrastructure and building, that map gets a lot of 
requests for digital layers. Old Crow is similar and higher resolution but there is less 
infrastructure. That is partially up to us, to create products that are useful enough that people 
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want to use them.” TG2 
 
Closely linked to useful products is ensuring that research tools are in the hands of the 
people that need them, such as land planners and community officials. Research can be done 
well and have good outputs however, if the products do not make it into the hands of those who 
would benefit most, the research project may disintegrate. This is a discussion topic that emerged 
through the interviews and was surprising that in some situations, an individual who should have 
full access and knowledge of the hazard maps, was unaware they existed.  
In the broader context of research, participants discussed the possibility and benefits of 
conducting background research to explore and determine different adaptation options for the 
challenges highlighted on the hazard maps, improving the understanding of landscape hazards 
and using this information to create a personalized approach for each community. In addition to 
researching adaptation and landscape hazards, participants mentioned the importance of 
improving land monitoring efforts. It is well known that permafrost in the north is sensitive and 
much of the land is underlain either partially or completely, but knowledge on how to monitor 
the permafrost is less known. Participants emphasized that a cookie cutter approach for climate 
change will not work.  
Although the majority of the conversations focused on the research aspect of this question, 
some participants moved one step further and brought up the topic of how to integrate research 
into existing planning, procedures and protocols.  
“It is something that should be integrated into the processes, protocols and procedures that are 
used by those directly involved in planning and building process, which includes all 
organizations in Yukon who are engaged in building or developing infrastructure” TG1 
 
On a much more specific note, participants made it clear that these hazard maps need to be 
integrated into existing GIS mapping programs for the communities. Participant TG3 felt very 
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strongly that the map layers needed to be incorporated into other land use mapping plans. If these 
maps were to be uploaded into the existing map programs, they would be widely accessed by 
multiple organizations, governments, developers and community members.  
Moving forward, one of the issues with climate change research, and research in general in 
the north, is there is so much of it and its storage and organization is rather fragmented. Having 
all the research housed in one place, such as a database or something, would be incredibly 
beneficial for communities and researchers. Participant RO1 discussed the idea further and 
highlighted some challenges as well. 
“We need to have a way of reminding and revisiting tools that are available to a community. 
Perhaps once a year at a meeting? Maybe a catalogue or database that communities can create 
to compile; however, this is a long of work and needs to be consistently updated” RO1 
 
Another suggestion to increase the uptake from the hazard maps was to develop other 
research activities that build on the hazard map project. This would require more inclusion and 
understanding of the information from that project.  
A significant difference in responses was related to funding. One of the participants from 
Old Crow discussed that the community has had to take steps to manage permafrost thaw and 
when it comes to access to funding, opportunities are minimal. It was explained that the federal 
government has been releasing funding for the study of permafrost thaw, when the communities 
need money to take action now. BLDB did not bring up the topic of funding for question eight.  
 
Question Nine: Is a uniform process for improving these climate change adaptation 
strategies possible for the Yukon? If so, what type of support would be required? 
 
Question nine was difficult to answer for most participants and yielded complex responses 
with various conditions and so they are not presented in a table. Ultimately, this group concluded 
that a uniform process is not appropriate for climate change adaptation strategies in the Yukon. 
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However, there were other suggestions for ways that the Yukon could have uniform documents 
for working towards adaptation strategies. There were no two specific responses that were the 
same, however several themes emerged.  
Some participants elaborated on why a uniform process would not work for the Yukon and 
some explored the idea of a territory-wide process that differs based on community needs. 
Participants generally felt that the process should be tailored to each community based on 
characteristics like available resources, capacity, risk level, specific hazards. The most powerful 
statement on why a uniform process would not work came from participant TG2 & RO1: 
“No. We do not have many communities in the Yukon, so there is not a good excuse not to take 
an individualized approach” TG2 
 
“My first reaction is no, because the needs and capacity of the communities and sectors are 
diverse” RO1 
 
Risk was a theme that only really emerged once for this question. Participant RO1 discussed 
how a uniform process could create a risk of maladaptation in which a community is following 
the set-out process to adapt to a climate hazard that is not of great concern in that region. An 
example of this would be flooding. Some Yukon communities are at high risk for flooding and 
others are at relatively low risk. So, the question becomes, how can you have one single process 
for adaptation to climate hazards, if those hazards differ so greatly?  
Before getting into the details of how a process of some sort could be beneficial, participant 
TG3 discussed one of the basic issues. This is an issue that must be addressed before hazard map 
information could have a uniform process.  
“I do not think there is a uniform process. I think there’s different considerations and different 
decision-making contexts. The adaptation community has entered this debate in the wrong way 
but trying to make it its own decision-making context. It needs to be embedded in the decision-
making context as opposed to being its own. I think a uniform process is the wrong starting 
point” TG3 
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The point made by TG3 was an indirect theme that emerged throughout the research. 
Participants would mention the need to integrate the hazard maps into existing processes, but this 
was the first time there was more of a conversation and explanation as to why and an alternate 
solution. If those working on these types of research projects can provide policy-relevant 
research outcomes, combined with governments having a process for including climate change 
research into decision-making processes, this would be achieved. However, this sounds simple 
on paper but in the real world, is much more difficult to achieve. Additionally, if a uniform 
process were to exist, who would be responsible for developing and enforcing the process? This 
is a major challenge as capacity is already an issue in the north.  
While the participants overwhelmingly felt that a uniform process from start to finish was not 
appropriate for Yukon communities, they did highlight other areas within climate change 
research where a uniform process would be beneficial for everyone involved. From a general 
perspective, participants felt that some communities would have similar needs based on 
population, demographics, resources, isolation levels, hazards. This is where some form of 
uniformity may be beneficial. For example, two communities that face high risk of flooding may 
be able to share ideas and options in order to lift the burden on each individual community. This 
should be done on a completely voluntary basis rather than a governed process. Alternatively, 
participants suggested developing a set of guidelines that could be used when dealing with 
specific hazards and having this information available for all communities. For example, Old 
Crow has managed a multitude of issues related to thawing permafrost. The community could 
develop guidelines or lessons learned and have that information online and shared with other 
communities who may face similar issues. The individual communities could then work towards 
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more personalized solutions to their unique climate hazards. Participant TG1 provided a really 
strong summary of uniform processes in the Yukon. 
“Ultimately, it needs to be tailored to specific circumstances in terms of resources available, 
capacity, and sometimes the specific projects they are trying to do and how those would be 
impacted by long term or short-term climate hazards” TG1 
 
 
Question Ten: What role do governments, organizations, and communities currently have 
in the situation? Could this be improved? 
 
This question yielded a wide range of responses, with participants suggesting different 
options (hence no table); all of which would have a positive impact on the situation. While the 
majority of participants agreed that governments, organizations and communities have a role in 
the situation, where the participants differed is on who needs to take steps to improve the 
situation. The responses could be sorted into three broader themes: all must improve, 
governments need to improve, and nonspecific. Each of these broader themes had four responses 
so no one theme was more dominant.  
Four participants identified ways in which governments, organizations and communities 
could improve their roles in the situation. When it comes to the statement that all governments, 
organizations and communities have a role in improving the situation, each participant 
highlighted a different aspect that needs improvement.  
In northern communities where partnerships and relationships are crucial for development 
and long-term survival, responsibility to manage barriers simply cannot fall on one stakeholder. 
The situation regarding the integration of hazard map findings is no exception. While the larger 
stakeholders certainly have more capacity to make changes, the responsibility still falls on each 
stakeholder to some extent. This was reflected throughout the interview process.  
 102 
While the majority of the responsibility naturally falls to the Yukon Government, the roles 
and responsibilities of other governments, research organizations and individual communities are 
still significant. Partnerships and relationships in the north are key for long term success, so 
naturally, if one stakeholder makes changes, so must the others in order to achieve long term 
success.  
“I think all these organizations have a role; researchers who developed the maps also have a 
role. Regulators who are issuing permits need to include this. Recommendations go from YESAB 
to YG and we have our own process that compliments YESAB. Municipalities and FN 
governments on settlement land ensure all the information is there and the hazard maps are just 
a flag to remind people to think about the hazards that exist and to look for mitigation 
measures.” TG3 
 
Participant TG3 demonstrates the complexity of how each of the stakeholders have different 
roles and how one change could create a domino effect of change. The discussion with TG3 
creates a good transition into another participant discussion that is related to integration of 
research findings. 
One theme that hasn’t emerged much throughout the interview process is research culture. 
This is something that is not generally spoken of very much, but it is a valid point and should be 
on the mind of governments, research organizations and communities. 
“Collectively, we need to create a culture for that research to take place and that is an important 
part of decision and policy making if what we did achieved what we hoped it would achieve” 
TG3 
 
If research, like the hazard maps, can develop a stronger pathway into government policy, the 
culture will continue to change, and this type of integration could become more normalized. This 
is shared responsibility, mainly between government and those responsible for conducting the 
research. Communities have a lesser role in changing research culture but could still contribute 
with support and guidance. For example, during the early stages of a research project, the 
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community could emphasize to the researcher(s) that completing the research in a policy-relevant 
way for the larger governments may assist in changing the culture.  
Participants highlighted a few ways in which all stakeholders could contribute and improve 
their own role. Partnerships and relationships have emerged multiple times throughout the 
interviews. The most successful projects have been in situations where partnerships were a 
priority. Participant RO1 highlighted that one of the best project outcomes was when KFN and 
NCE worked as partners for the hazard map and report. KFN was quite involved with what the 
map looked like as an outcome, which also dictated how useful the map was in the end.  
Communication was arguably one of the most common themes that emerged during this 
research. Participants felt communication was lacking at all levels, which prevented the hazard 
maps from being most beneficial to the communities. Taking steps to improve both internal and 
external communications for all stakeholders would drastically improve the situation. Again, this 
issue exists in all types of research everywhere. Communication can be as basic as touching base 
with key people from each stakeholder, or as complex as brainstorming and tracking which 
projects and topics are most important or what research is needed for each community. Stronger 
communication would also address a concern brought up by participant RO1, which is to 
communicate to determine the best products for each community. Improving the research outputs 
would increase the traction gained by the project. This also leads into the next point made by 
participant FN5: 
“We definitely have to monitor but one thing I learned about research over the years is there are 
all kinds of things that need to be researched but its money too. It is valuable money … We need 
to spend our money wisely.” FN5 
 
Money is an important component of all aspects of life in the north. Funding can be hard to 
come by and even then, one funding source is often not enough due to the cost of living already 
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being so high. Those involved in research need to be aware of the financial limitations of 
northern communities and organizations. This also means that the larger governments end up 
financially supporting the smaller ones and without strong communication, details fall through 
the cracks and some research products might not reach their potential. This also links into the 
next idea, which is seeing the picture in the long term.  
Lastly, when it comes to ways that all stakeholders can improve their own roles, participant 
FN7 brought up a question that could be used to frame much of the conversation around hazard 
map integration: how will the outcome of this research affect management actions in the region? 
This type of question would be useful in guiding governments, research organizations and 
communities in moving forward and developing some sort of process for integration.  
Due to the unique structure of Yukon, the majority of land planning is conducted by the 
Yukon Government. This means that YG ends up with the brunt of the work and responsibility. 
One of the ways that YG can improve their role in the situation is to establish best practices and 
encourage better integration. 
“I think that their role is to establish internal and external practices that encourage and require 
the integration of climate change considerations into that work” TG1 
 
Yukon Government is currently in the position where they are responsible in some way, for 
much of the research that is conducted throughout the territory. This means that YG may be 
involved directly, e.g. in a partnership or financially. One of the ways government could improve 
their role is through baseline data. TG2 suggested that YG could and should be  
“purveyors of baseline scientific information … We can start to define what it looks like to 
collect proper permafrost data, what a good description of ground conditions looks like and then 
try to relay that to consultants who are working in town and then to the clients” TG2. 
 
As previously mentioned, participants are aware of YG’s financial support and given the 
larger capacity of YG, they could assist communities in accessing more funding for adaptation 
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projects. This is a relatively simple task that would have a major impact for adaptation projects 
across the north. Connecting to this, is the idea of supporting larger projects. Participant TG2 
highlight that capacity is a known issue for northern communities and YG has the ability to 
support the communities in their needs.  
Overall, the interviews for question ten were rather positive. Participants highlighted both 
broad and specific suggestions on how governments, research organizations and communities 
could improve in their roles. With no surprise, broad suggestions were aimed at all stakeholders 
while many of specific suggestions were aimed at those with more capacity and more money, 
Yukon Government.  
 
5.4 Discussion 
 
The discussion for this research is focused on four topic areas: differences, surprises, 
expected outcomes, and placement within the literature. While many of the responses had 
similarities between the communities, there were a few instances where the discussions went in a 
different direction and these are the differences that are highlighted below.  
Starting at question one, the communities had different responses and thoughts on 
permafrost thaw. Participants from BLDB were concerned about how permafrost thaw would 
impact community infrastructure and whether it would result in a loss of property. Old Crow 
participants were concerned about transportation routes and traditional hunting areas.  There 
could be a few different explanations for the difference. The first is location, which includes the 
level of isolation and permafrost extent. BLDB is situated along a major highway in southern 
Yukon whereas Old Crow is only accessible by plane. This leads into the level of isolation for 
each community. With major differences in isolation, access becomes a significant concern for 
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community members. If a climate event were to occur in which community members were 
unable to get food in or near their community, Old Crow would be in a much more difficult 
position due to the isolation. BLDB residents would be able to access a major transportation 
route to obtain needed items. The permafrost extent in the region could also play a role in the 
responses. As previously discussed, BLDB is situated in the discontinuous permafrost zone and 
Old Crow is underlain by continuous permafrost. This means that BLDB may have patches or 
large areas where permafrost thaws and creates problems. Meanwhile, when the permafrost in 
Old Crow thaws, it is already known that the entire community and surrounding area will be 
immediately impacted. It is interesting that while both communities face threats from permafrost 
thaw, participants have very different views on how permafrost will impact the community, 
socially, economically and physically.  
The second difference is related to fear. This topic was not constrained to one question, 
rather it was brought up in nearly all of the questions. The major difference that needs to be 
discussed is how the community is educated. BLDB participants brought up the topic of 
education in a number of ways but was done at a much broader level. However, participants in 
Old Crow really emphasized the importance of educating without instilling fear. This could 
possibly stem from the stop light colors used in the hazard maps. While the BLDB map has red 
regions, in comparison to the amount of red on the Old Crow map it is significantly less 
concerning. The amount of red that lies on the cliff face directly behind the community can be 
visually alarming. However, with proper education, community members could have a better 
understanding of what exactly the red means and the situations in which it is a significant threat 
to the community.  
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The other question that had a significant difference was question eight. The topic that was 
discussed was funding. Not only was there a difference between communities, but this was a 
surprising outcome. BLDB did not bring up funding as an issue or barrier whereas Old Crow 
participants were frustrated with the funding system. Due to the extent of impacts being 
experienced in Old Crow, the community is being forced to make adaptations and with funding 
sources seen as more focused on research, there are frustrations. BLDB may be in a slightly 
different situation where the need for funding is not as serious as the impacts differ. BLDB 
participants were focused on other steps.   
Throughout the research there were three outcomes that were completely unexpected and 
came as a surprise. The first was in regard to money: it was expected that finances would be a 
central topic for hazard maps. However, the topic was discussed much less than expected. In 
fact, it was only mentioned a handful of times and was only the center of one conversation 
throughout the research. Additionally, the topic was generally brought up by government and 
research organization participants rather than the community participants.  
Education was arguably the most commonly discussed issue throughout the research. What 
was a surprise was just how much of a role education plays in the situation. Education was 
brought up in responses to almost every single question, and more often than not it was brought 
up by multiple people and in multiple contexts. It quickly became clear that education plays a 
much larger role in the situation than expected.  
The last unexpected outcome emerged from question eight. The most commonly mentioned 
response was improved and consistent education and engagement in the communities on how to 
use the research products and reports. The surprising thing with this response is that participants 
from governments, research organizations, and both communities noted this as an important step.  
 108 
Opposite the unexpected outcomes is the expected outcomes. There were eight things that 
emerged through the interviews that were fully expected. Level of isolation is a concept that 
plays a significant role in climate change impacts and community concern. As Canada’s north 
already faces isolation challenges, it comes as no surprise that this is exacerbated in the rural 
communities.  
The extent to which climate change adaptation is discussed also came as no surprise. This 
common discussion topic is not unique to Yukon, climate change is a hot topic and as impacts 
continue, more and more regions will discuss the topic more and more.  
An outcome that perhaps was not expected, but in hindsight was obvious, was the need for 
the hazard maps to be integrated into the online mapping systems in the communities. Prior to 
conducting the interviews, it was expected that the communities had done this or had access to 
the files, when in reality it had not been done. 
This research fills a significant gap in the literature. This project has taken a physical 
research product (landscape hazard map) and assessed its usefulness from various perspectives 
(Government, Research Organizations and First Nations). As climate change continues to impact 
communities worldwide, it is important that research products be useful to the communities in 
the battle to adapt to a changing climate. This research highlights what worked, what didn’t work 
and steps by which the situation could be improved. Particularly, this type of project has not been 
done on a large scale in northern Canada as hazard maps are slowly gaining traction. 
In comparison to other literature, these hazard maps are much more focused on landscape 
hazards, such as permafrost. Whereas, in other literature, the focus is often more on flooding or 
fire. For example, the European Union has taken significant steps in an attempt to reduce impacts 
from flooding. This has been done under Floods Directive 2007/60/EC with the intent to 
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“establish a framework for the assessment and management of flood risks to reduce the negative 
consequences of flooding on human health, economic activities, the environment and cultural 
heritage in the European Union” (European Environment Agency 2015). The directive came into 
effect in 2007 and all Member States are required to “assess if all water courses and coast lines 
are at risk from flooding, to map the flood extent and assets and humans at risk in these areas and 
to take adequate and coordinated measures to reduce this flood risk” (European Commission 
2016). The directive is comprised of three different actions: preliminary flood risk assessment, 
flood risk maps, and the flood risk management plans. Each step is to be completed by the 
Member States on the required timeline; however, each Member State has the option to tailor the 
research according to their risks, needs, capacity.  
In terms of outcomes, because the directive does not have a completion date, exact outcomes 
are unknown. However, because the directive has been divided into three sections there are some 
outcomes for the first section. As of 2019, 20 of 26 European Union Member States have 
completed phase one: preliminary flood risk assessment (European Commission 2019). Of those 
Member States that completed phase one, objectives varied from specific to broad. Despite 
having different approaches and objectives, each Member State also identified measures for 
achieving the objectives (European Commission 2019). Nonetheless, Member States have 
successfully identified objectives and made plans to achieve their objectives.  
This is an example of a large-scale hazard mapping project that has been used to adapt to 
changes in the climate and mitigate the overall risk from flooding in the European Union. As 
permafrost thaw and landscape threats continue to alter the northern landscape, it will become 
more of an issue and become more important for communities to develop adaptation plans.  
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The European Union’s Flood Directive has a few obvious differences from this study. First 
and foremost, the hazard being considered is not the same. Flooding impacts are different from 
the hazards discussed in this study (e.g. permafrost thaw, soil stability). However, impacts from 
both hazards are expected to become more severe in intensity and frequency. The other major 
difference is population, access, and isolation. The European Union is large and has significantly 
more access to resources compared to Yukon communities and local governments. Capacity was 
a noted challenge throughout this research and even if a similar directive existed, the Yukon has 
extremely low population density, low capacity, and is significantly more isolated. Relating back 
to this research specifically, this flood directive did demonstrate how a framework could be used 
for communities/regions/countries to create hazard maps that are tailored to specific needs. This 
was a recommendation that emerged from this research and discussed in further detail in Chapter 
6. This example showcases that a one size fits all approach does not work and in order for a 
large-scale project to have this type of success, there needs to be flexibility within the project 
pathway to allow for tailored results. The EU Flood Directive is simply an example of how a 
large-scale hazard mapping project could benefit communities. This directive reiterates the need 
for hazard maps in community climate change adaptation planning.  
The Government of Newfoundland and Labrador provides another example of hazard maps 
being used in planning processes. The province has developed flood hazard maps as this is a 
region of Canada that is annually hit by floods. In Newfoundland and Labrador, the main causes 
for flooding are heavy rainfalls, rain-on-snow events, ice jams in rivers and high tide with storm 
surges (Government of Newfoundland and Labrador 2019). The province recognizes that the 
most effective method of managing the impacts of flooding is based around the management of 
flood plains (Government of Newfoundland and Labrador 2019). This has been done through the 
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implementation of appropriate land use plans that minimize the exposure to flood events. 
Through the Water Resources Act of 2002, any development within a flood plain is intensely 
regulated and as climate change has begun to take more of a toll on the region, these impacts and 
changes were integrated into the existing policy (Government of Newfoundland and Labrador 
2019).  
Flood maps have been developed for at least 30 communities within the province and since 
their development they have been used widely by the provincial Government. For example, these 
maps have been used for infrastructure design, environmental assessments, land-use planning, 
municipal planning, regulation development and water resource analysis (Government of 
Newfoundland and Labrador 2019).  
While the hazard maps developed in Newfoundland and Labrador are on a much smaller 
scale, they are equally as important. Again, this example uses a different hazard, but there are 
some strong points for the research. The most dominant difference is that the region has 
integrated the maps into the online system for users to see, use and learn. This is discussed 
further in Chapter 6. Having an online tool to see and examine where the flood risk can be 
incredibly valuable for the community as a whole.  
 
5.5 Chapter Summary 
 
This chapter discussed in depth the responses from all eleven participants in this research. 
The participants were divided into three groups; Burwash Landing/Destruction Bay, Old Crow 
and Yukon wide. The purpose of this division was to show the different perspectives, priorities, 
and areas of significant concern.  
Most of the interviews yielded the expected responses. The responses for the first two sets of 
questions (climate change in the community and the hazard map) line up closely with what had 
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been found in the literature. While participants were separated into three different participant 
groups based on location, many of the responses overlapped resulting in a few dominant themes 
and areas of concern.  
The set of questions designed to identify the next steps for moving forward is the highlight 
of this work. Participants were provided the opportunity to note what works, what does not and 
what they would like to see moving forward.  
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6 Conclusions 
 
This chapter provides a summary of the thesis, and revisits the research goals and objectives, 
highlights practical recommendations, thesis contributions, opportunities for future research, and 
final concluding remarks.  
6.1 Summary 
 
This research set out to connect researchers and communities with the goal of analyzing the 
usefulness of community hazard maps. Through a mixed methods approach, eleven interviews 
were conducted with a variety of individuals representing governments, research organizations 
and First Nations within the Yukon. Participants were asked ten questions, in three categories: 
climate change impacts, hazard mapping and recommendations. From the interviews and 
analysis, six recommendations emerged and are discussed in detail below. Ultimately, the 
recommendations are sorted into four overarching topic areas: research, communication, 
education, structures. This project brought to light many of the challenges faced by northern 
communities and researchers.  
 
6.2 Completion of Goals & Objectives 
 
The main goal of this research was to connect hazard mapping research to community needs, 
and opportunities for adaptation and mitigation, to assist with both development and adaptation 
to future changes to the land and ecosystems. The path to achieve this overall goal consisted of 
four sub-goals or objectives and are as follows: 
1. Investigate current policies, plans and processes for developing and implementing 
information from hazard mapping; 
2. Explore the hazard and climate change adaptation communication pathways between 
researchers, communities and First Nations; 
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3. Identify gaps and provide recommendations for further hazard preparedness development 
and improved communication in the Yukon. 
This project relied on a mixed methods approach: combining a literature review and case 
study to illustrate the situation. Two case studies in the Yukon were used to explore and reach 
the above objectives. Burwash Landing/Destruction Bay was the first case study and this 
community was chosen mainly because of accessibility. Burwash Landing/Destruction Bay is 
accessible year-round via the Alaska Highway. The second case study was Old Crow and this 
community was chosen because of the lack of access. Old Crow is a fly-in community in 
northern Yukon. The use of two communities allowed for a good comparison and contrasting  for 
hazard mapping in climate change adaptation planning. In addition to the two communities, 
government and research organization representatives provided information from a Yukon wide 
perspective.  
Goal One: Investigate current policies, plans and processes for developing and implementing 
information from hazard mapping 
 
This goal was achieved through the interview process. Government/Research organization 
participants highlighted the policies for development and implementing information from hazard 
mapping. This situation fits into a larger issue; getting academic research into government 
policy. Community participants provided details on how hazard mapping information has been 
used in planning and development processes in both Burwash Landing/Destruction Bay and Old 
Crow. Put more simply, there is no government policy for the development or implementation of 
information from hazard mapping and each community is responsible for using them in planning 
and development processes. 
Goal Two: Explore the hazard map and climate change adaptation communication pathways 
between researchers, communities and First Nations 
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Goal two was also achieved through the interview process. All participants were able to 
identify the challenges for communicating between governments, researchers and communities. 
They were also to identify possible solutions and recommendations. Essentially, the 
communication pathways between researchers, governments and communities are fragmented 
and each actor plays a role in improving this.  
Goal Three: Identify gaps and provide recommendations for further hazard preparedness 
development and improved communication in the Yukon 
 
While this goal is discussed further in Section 6.4, how this goal was achieved will be 
highlighted in this section. Research gaps were identified through analyzing the interview data. 
This was done either through direct comments from participants, or from analyzing the 
differences in literature and interviews. Through data analysis, the gaps became clearer and were 
recognized in the moving forward/next steps section of the interviews. It is important to note that 
the interviews did not address every gap in this area of research but highlighted the gaps that 
impact the case-study communities the most. Moving forward/next steps from this research 
ranged from small tangible, relatively easy recommendations to large, more complex 
recommendations.  
 
6.3 Recommendations 
 
The following seven recommendations emerged directly through the interview and research 
process. The recommendations are a combination of the steps that would have the largest impact 
and the steps that are crucial building blocks. They can be sorted into four broad categories: 
research, communication, education, structures. 
6.3.1 Recommendations for Research  
 
• Recommendation 1: Incorporating GIS Map Layers into Existing Mapping Programs 
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As of right now, the GIS map layers are available from the Yukon Geological Survey, but 
almost all of them are not actively incorporated. However, it is not common knowledge that they 
are available, and accessing them is not as simple as just downloading them off the website. It 
was previously mentioned that the community of Dawson City had taken this step to contact 
YGS and have the layers incorporated. As a result, the maps were being used in active 
development projects and planning.  
Ultimately, the recommendation is to have GIS layers from the hazard map projects 
distributed to the appropriate community governments immediately following completion of the 
research. This would allow the communities to integrate them into the online planning tools and 
begin the work to integrate findings into climate change adaptation planning strategies. 
Incorporating these maps into the larger planning tools builds the basis for the remaining 
recommendations to be achieved.  
It appears that this was simply a time issue. It was intended to have the maps available 
online for use, but due to time constraints it was an outcome that got pushed back. This is not a 
unique challenge, in fact time constraints often result in outcomes being pushed back and not 
100% completed.  
• Recommendation 2: Refining the Language used in Research Reports & Outputs to Best 
Reflect the Communities’ Needs 
Many participants identified the language used in the hazard maps and subsequent reports as 
a major challenge. All too often, academic research results in high level, complex reports which 
are not very helpful for community use. Community participants recommended that research 
outputs be refined to fit the needs and capacity available in each community. This extra step 
would increase the impact for research by wording the findings in such a way that the 
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community can understand and use to its maximum potential. Developing outputs that are 
practical for the communities will not only improve the level of integration, but it could also 
improve relationships and communication between research organizations, governments and 
communities. In terms of the hazard maps, refining the final products to be more user friendly 
would have major positive impacts in the community and would improve understanding of 
climate hazards.  
One of the ways that this would impact communities is how the landscape hazards have and 
will continue to impact traditional lifestyles. Participants felt very strongly about how climate 
change has impacted their ability to access traditional resources. Having a more user-friendly 
report for the hazard map could help the community to see and understand the areas of high risk 
and the areas that are safer for travel. This is an adaptation strategy that will allow residents to 
continue practicing traditional lifestyles while changes are occurring.  
• Recommendation 3: Develop a Long-Term Plan for Monitoring Change with Hazard 
Maps 
The idea of doing a second round of hazard maps for the seven communities was one that came 
up a few times throughout the research process. This is because the oldest maps developed by the 
NCE are coming up on their ten-year anniversary and changes that were predicted may have 
occurred and the maps may be outdated. This recommendation is for governments, research 
organizations and communities to develop a research plan for monitoring change through the use 
of hazard maps. It would involve a schedule for conducting hazard map research and hosting the 
maps in a location where change over time can be examined. As the current maps are in print 
form, a second round of maps could be completed in a similar manner (but still available to 
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download online) so users can see the change over time. It would also allow the NCE and YG to 
determine how accurate the research process was for the first maps.  
6.3.2 Recommendations for Communication 
 
• Recommendation 1: Using Stories to Share Success & Failures 
It was noted numerous times throughout the interview process that sharing stories is one of 
the most powerful avenues for sharing information. Participants felt very strongly that sharing 
stories about successes and failures is one of the best ways to communicate.  
This recommendation is to develop a platform where communities can upload and share 
stories about adaptation options that have worked or have not worked. This information would 
take some of the burden off smaller communities with less capacity to research, develop and 
complete projects on their own. This type of platform would require the communities to fill in 
the blanks, which could be noted as a challenge due to capacity. However, as climate change 
adaptation becomes more important for long-term survival, community priorities may shift to fit 
this. It was noted in the interviews that the communities are ready to take steps in adaptation, but 
the larger governments who the communities rely on for financial support are not ready. The 
stories would come from the perspective of the communities and therefore would be more 
representative of how specific projects have worked out.  
6.3.3 Recommendations for Education 
 
• Recommendation 1: Continued, Consistent Education in the Communities 
Education was arguably the most dominant theme for this research, and it plays a role in all 
aspects of hazard maps and climate change adaptation planning in Yukon communities. This 
recommendation is for the research organizations and governments to work with the 
communities to provide education for hazard maps at completion but also post completion. 
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Maintaining a presence in the community is a way that research organizations and governments 
can improve relationships and education about how hazard maps are developed and can be used 
in adaptation planning strategies. Taking this step would help when turnover occurs in the 
communities. High turnover rates had been noted as a challenge and often results in research 
being forgotten. Maintaining presence in the communities and continuously educating those who 
should be using the maps would prevent high turnover rates from being a roadblock for 
integration. 
6.3.4 Recommendations for Structures 
 
• Recommendation 1: Climate Change Adaptation Strategy Framework 
One of the most challenging questions of the interviews focused on whether or not a uniform 
process for developing climate change adaptation strategies was appropriate for Yukon 
communities. Ultimately, participants agreed that a full process for this was not necessary or 
appropriate for a variety of reasons. This recommendation is to develop a framework, or perhaps 
a set of guidelines for communities to use when looking to develop or incorporate climate 
change adaptation strategies into planning processes. These guidelines would provide potential 
avenues for achieving integration, but how integration occurs would be completely up to each 
community. A framework or set of guidelines could assist communities when they need it or a 
place where communities can learn from one another through stories. This could tie in with the 
above recommendation for a platform for sharing success stories. Since Yukon communities 
have differences in terms of characteristics, demographics, capacity, accessibility, one set of 
guidelines simply will not work, therefore a framework outlining the different avenues could be 
most appropriate.  
• Recommendation 2: Government Actions 
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Due to the unique position of the Yukon Government within the issue, a significant amount 
of responsibility falls here. Yukon Government currently supports research organizations and 
communities on various levels, one of the main ones being financially. Funding was identified a 
few times throughout the project as a barrier and while YG may not have more funds to give 
towards the projects and communities, they do have more capacity to assist communities in 
obtaining more funding. One of the easiest ways this could be achieved is by providing support 
when communities are looking to apply for money.  
 
6.4 Contributions 
 
This project was developed and introduced at an opportune time. The earliest hazard maps 
are coming up on their 10-year anniversary. Should the Northern Climate Exchange complete a 
second round of maps for the communities, this research could be used as a guide to ensure the 
community receives maximum benefits.  
This research could also be used on a broader level. Although the specifics are for hazard 
mapping and climate change adaptation planning, the lessons learned, and recommendations 
could be used in other projects and partnerships.  
From a literature perspective, this project certainly works to address some of the gaps. 
Research on climate change in the north is extensive and as climate change continues to impact 
people, adaptation research will only continue to expand. Hazard maps are only just becoming 
more popular and as they continue to be used, this research can assist in producing stronger, 
more user-friendly maps for community adaptation planning. While this research focused mainly 
on hazard maps for community climate change adaptation planning, this project can fill gaps for 
the broader issue which is producing research products and tools that are beneficial and useful 
for communities and users. In the discussion section, two examples were brought up that have 
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used hazard maps in some form of adaptation planning. Each example highlighted different 
situations, in different regions of the world where hazard maps were developed and used to 
mitigate the impacts of climate change. These two examples were on a much larger scale 
compared to this research but nonetheless, the information is still applicable. The example from 
the EU is very broad and encompasses many different countries and regions, the example from 
Newfoundland and Labrador highlights a smaller region with more localized impacts. The 
research from the Yukon goes further into the community level impacts than the two examples. 
This research highlights very specific communities with specific needs and climate change 
impacts and can contribute to the understanding of how climate change will impact communities 
directly. On a broader level, this project contributes to the large amount of climate change 
adaptation research in northern regions of the globe. It has been recognized by most academics 
that climate change is already occurring and even if all emissions were to cease today, the 
impacts would be felt for many many years and therefore it is essential that research be done on 
the community level and actions be taken to improve adaptation to these changes.  
6.5 Opportunities for Future Research 
 
As these maps are coming up on their ten-year mark, there may be an opportunity for the 
NCE and YGS to partner again and complete new and up-to-date maps. These maps would be 
beneficial to determine how the land has changed over the ten years. Additionally, there is an 
opportunity for the new maps to incorporate some of the recommendations from this project and 
another opportunity for this research to be completed again with newer maps.  
While this project was focused on hazard maps and climate change, many project results 
could be transferred to other research projects to assess their use. This project only assessed two 
of the seven communities that have had a hazard map developed by the Northern Climate 
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Exchange. It would be beneficial to repeat this work in some of the other communities to provide 
an even more complete illustration of the situation.  
One of the indirect goals of this project was to create a framework that could be used in other 
communities in climate change adaptation research. Ideally, the research approach and methods 
could be used in other northern communities and territories. The interview questions are broad, 
there is room within the interview to allow for more specifics. It would be interesting to have 
outcomes for other northern communities and territories.  
 
6.6 Closing Remarks 
 
Climate change is inevitable and northern communities are already feeling the impacts. 
Hazard maps have the potential to benefit multiple aspects of life in the north. However, since 
the Northern Climate Exchange published the first map, YG, NCE and communities agree that 
they are not being utilized to their full potential. Proper implementation of hazard maps can 
allow these communities to adapt to natural hazards like permafrost thaw and soil degradation. 
Hazard maps have been proven to be valuable tools for climate change adaptation planning 
(NCE, 2013).  
This research project exposed many common issues for northern research. Research outputs, 
communication, and education were the overwhelming themes throughout. These are part of the 
fundamental building blocks for successful integration of scientific information into policy, 
planning and development. This project has come at a great time as climate change adaptation 
planning has become more of a priority for governments and communities.  
As climate change continues to take hold of our communities, planning will become more 
crucial. Permafrost, soil degradation and erosion will continue to impact transportation routes, 
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ecosystems and traditional lifestyles. Taking the steps to plan communities around these hazards 
will help to minimize the impact and allow communities to remain resilient and healthy.  
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8 Appendices 
8.1 Appendix 1: Consent Form 
Policy, plans and processes for developing and improving the use of hazard maps in climate 
change adaptation for Yukon communities 
Principal Investigator: Stephanie Pike 
MASTER’S STUDENT, DEPARTMENT OF GEOGRAPHY AND ENVIRONMENTAL 
STUDIES 
WILFRID LAURIER UNIVERSITY 
FACULTY SUPERVISOR: SCOTT SLOCOMBE 
 
I am seeking your voluntary participation in a research project exploring avenues to connect 
scientific tools such as hazard maps to community needs, and opportunities for adaptation and 
mitigation to assist with both development and adaptation to future changes to the land and 
ecosystems. Climate change is impacting communities throughout the Yukon in various ways. As 
individuals strongly identify with the landscape, changes are threatening traditional lifestyles 
through climate-related hazards. The purpose of this research is to identify and assess policies, 
plans and processes currently in place in the Yukon for reducing impacts of hazards in Yukon 
communities, and the adjacent wildlife and ecosystems they depend on. 
 
For this study, I am conducting SEMI-STRUCTURED INTERVIEWS with individuals who are 
working as land and resource managers or researchers of various kinds with federal, territorial and 
First Nations agencies. The INTERVIEW will take place in a quiet space with the principal 
investigator and take approximately 30 to 60 MINUTES. I am asking for your thoughts on the 
current integration and priorities for improving the use of hazard maps in community adaptation 
plans. Results of the interviews will be used to develop a report for communities and researchers 
to aid in the use of hazard maps in community adaptation plans.  
 
It is possible that by answering the questions in the interviews, statements could be made that may 
be awkward for you if made public (e.g., through academic publications or reports to the 
community). We consider these risks to be very low; however, we will mitigate these risks by 
preserving your anonymity in reports. In the end, we feel the benefits of this research outweigh the 
potential risks. Benefits to the participants may include an improved understanding of concerns 
from other community members and an opportunity to discuss potential solutions to improve 
climate change adaptation planning in Yukon communities. This research has the potential to be 
transferrable to other northern communities to aid in climate change adaptation strategies. 
The researcher will keep the collected data in a locked safe in Whitehorse, Yukon. The only people 
that will have access to the files will be the supervisor and researcher. The data will be retained 
indefinitely. The key linking interviewee names to codes will be destroyed after 5 years. 
Participants will have the ability to vet quotes and review the final manuscript. 
Your participation is voluntary, and you are free to withdraw at any time. If you decide to withdraw 
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from the research at any time, all data collected will be destroyed. You are not obliged to answer 
any questions that make you feel uncomfortable.  
If you feel your rights as a participant in research have been violated during the course of this 
project, you may contact Dr. Scott Slocombe, Professor, Department of Geography and 
Environmental Studies, Wilfrid Laurier University, (519) 884-0710 extension 2781, or Dr. Robert 
Basso, Chair, University Research Ethics Board, Wilfrid Laurier University, (519) 884-0710, 
extension 4994. 
I understand the information described on the previous page and consent to participate in this 
research: 
 
Name: _____________________________   Date: _________________________  
 
Signature: _________________________________ 
 
INTERVIEW 
By initialing the statements below: 
_______  I agree to participate in the interview and grant permission for the researcher to 
record the interview. 
_______ I agree to participate in the interview and do not grant permission for the 
researcher to record the interview in which case all communications will be 
captured with written notes.  
_______  I agree to participate in the interview and grant permission for the researcher to 
use direct quotations from the interview, after my approval of them.  
_______ I agree to participate in the interview and do not grant permission for the 
researcher to direct quotations from the interview. 
Researcher: 
Name: __________________________              Date: ___________________________ 
Signature: ________________________   
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8.2 Appendix 2: Interview Script 
Policy, plans and processes for developing and improving the use of hazard maps in climate 
change adaptation for Yukon communities 
Principal Investigator: Stephanie Pike 
MASTER’S STUDENT, DEPARTMENT OF GEOGRAPHY AND ENVIRONMENTAL 
STUDIES 
WILFRID LAURIER UNIVERSITY 
FACULTY SUPERVISOR: SCOTT SLOCOMBE 
 
Introduction 
My name is Stephanie Pike and I am a master’s student from Wilfrid Laurier University. I am a 
born and raised Yukoner with immense passion and respect for northern communities and 
landscapes. I am conducting research on the use of hazard maps in community climate change 
adaptation planning. I was hoping to ask you a few questions about how hazard maps are 
accessed and used in your community.  
 
The information you provide today will be worked into a report for various governments, 
communities and organizations. It is imperative that the information in my thesis and reports be 
from those living in the community as they are most impacted by changes in climate. All the 
questions you are asked are meant to reflect your own experience and knowledge; you may 
choose not to answer questions.  
 
Before we get started, I would like to know a little bit more about you.  
1. What is your full name? 
2. What is your job title? 
3. What is your experience or knowledge level around hazard mapping and climate change 
adaptation in your community? 
 
Questions 
1. What natural hazards are of biggest concern for your community? Why? 
2. How might changes in the physical environment impact the community?  
3. How have issues around climate change adaptation been discussed/considered in your 
community? 
4. What are the challenges around integrating findings from hazard maps into community 
adaptation? 
5. What do you think is the most valuable piece of information/take home message on a 
hazard map? Why?  
6. What are the challenges around making the information both available and 
understandable for the public? 
7. What opportunities exist for Yukon communities that have not successfully implemented 
hazard map findings into community-based adaptation? 
8. What steps should be taken in your community to improve the implantation of climate 
change adaptation strategies? 
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9. Is a uniform process for improving these climate change adaptation strategies possible for 
the Yukon? If so, what type of support would be required? 
10. What role do governments, organizations and communities currently have in the 
situation? Could this be improved? 
 
Before we finish up, I would take a moment to thank you for participating in this research and 
ask if you have any comments or questions for me about the interview process or the research. 
 
And finally, do you have any suggestions for others who would be good to interview about this.  
 
